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Cincinnati 16° HYDROTEL 


HYDRAULIC 
OPERATION ensures 
smooth and _ accurate 
duplication from tem- 
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BROACHING 
MACHINES 
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plates or full masters, 

with automatic cycle 

GRIN D | N G available for diesinking. 
MACHINES 


TOOLECUTTER 
GRINDING 
“MACHINES 


HYDROTELS can also 
be used for conventional 
milling operations. 











Send for illustrated BULLETIN M-1497-E. 


At the same time, ask for BULLETIN 
M - 1620-E describing the smaller 
8” x 18” TOOL and DIE MILLING 
MACHINE. 


CINCINNATI MILLING MACHINES LIMITED, BIRMINGHAM 24 
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We are pleased to announce that the Steinel Company has now 
added large machines with up to 12, 16 or 24 spindles to 
their well-known Adjustable Multi-Spindle Drilling and Tapping 
range. 
Full particulars gladly sent on request. 
Why not let us help you with your multi-hole drilling and 
tapping problems? Our wide experience is at your disposal. 


Adjustable Multi-Spindle and Single 

Spindle Drillers and Tappers, and 

the Steinel Range of Plain and Vertical . 
Millers are available for inspection 
at our showrooms. 








103 LANCASTER ROAD ~~ LADBROKE GROVE - LONDON -: W.II Phone PARK 9451/2 
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ZL ius ts an electrical seasheH! 










Diala Phasianella 


The delicate, attractive Diala shells are found 
in the warm waters of the West Pacific. 
Diala Phasianella (pheasant Diala) has a 
semi-transparent shell, less than a quarter ofan 
inch long. The smooth, whitish surface is 
elegantly decorated with chestnut-coloured mark- 
ings in the form of minute spots and faint lines. 


Shell Diala Oils arc specially designed for electrical applications. 
They are recommended for transformers, oil-filled switchgear and 
capacitors, and for general insulating and dielectric purposes. Shell 
Diala Oil ‘‘B’’ complies with the British Standard Specification 148/1951. 

The Seashell range of specialised industrial lubricants, which includes 
Shell Diala Oils, is marketed throughout the world. There is a Seashell 
grade for every industrial use—and each of these grades is available every- 
where in the same high quality. Shell lubrication engineers will be 
pleased to provide further information and to make specific reeommenda- 
tions for particular purposes. 
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Seashell Oils are produced as the 
result of world-wide research. This 
picture shows apparatus for deter- 
mining breakdown voltage—one of 
the various tests carried out on 
electrical insulating oils prior to 
despatch. 
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“It’s a favourite’s race — who'd be a bookmaker 
**No takers ! The only ‘cert’ today is our good friends the twist drill specialists.” 


“Sshh! Don’t remind me — I’ve come for a day’s sport.” 





“So have I — but for M & C Service we'd be suffering a few headaches.” 


“True — didn’t realise their ‘service’ ran to taps, 
reamers, milling cutters and all small tools 


° 
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“* Odds on — every time ! They're off!!!” 


MONKS & CRANE LTD 


THE TWIST DRILL SPECIALISTS 







_— BRITAIN’S FOREMOST DISTRIBUTORS 
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for the machine shop 











BORING & FACING HEADS 





: HEAL | 
FINE é I \\" 


BORING 
BARS 





MAGNETIC 


KNURL CUTTERS 


FULL DETAILS OF THIS EQUIPMENT 
WILL GLADLY BE SENT UPON 
REQUEST. 
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The Problem of moulding a simple drinking cup in Melamine is a major one, flow lines, flash lines, surface 
finish, thickness, the hole through the handle and mould costs being but a few of the problems involved. 
Many of these difficulties can, of course, be overcome by moulding technique, but for those in the industry 
who may contemplate entering the field of moulded tableware, or those who consider purchasing it for the 
first time, B.1.P. Designers illustrate a hypothetical cup conceived to avoid at least some of the known pitfalls. 


The Design 


| Underlying basic oval shape depicts ideal moulding form. 7 To help safeguard against “ knit lines’ forming on the 
inside of the cup, the general thickness of the handle 


2 Inside contour generously rounded to facilitate cleaning. . 
bd y 6 should be as close as possible to that of the cup bowl. 


Note also the lack of square corners on underside of foot. aft 

8 Flash line position is not very important on this type of 

handle, the top half of which is formed by the punch. 

4 Thickness gradually diminishes towards drinking lip. Experience suggests that a lower position is better than a 
flash line near the top of the handle. 


3 Inside bottom of cup is flat for easy cleaning. 


SInner edge of thickness well radiussed to provide 


: . 9 A circular hole through the handle permits flash corners 
pleasing touch to the lips. 


around its edges to be removed mechanically. Departing 
6 The general thickness of 0.125 in. is considered correct from the circle complicates tooling and necessitates finish- 
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for normal usage. Up to 0.156 in. may be necessary for ing by hand. On the other hand, such a design leaves a 
extra heavy duty, or down to 0.080 in. for smaller cups thick section of material where the handle joins the bowl, 
for light usage. which can aggravate the problem of knit lines. 


The Material 


Beetle MELAMINE is recommended as an excellent material for moulded tableware, as it is one of the 
hardest aminoplastics developed to date. Lt is odourless and tasteless, whilst its lustrous, scratch-resistant 
surface is particularly resistant to staining from natural oils, fats, weak acids, etc. Beetle MELAMINE is 
available in a selective range of subtle colours. 





The B.I.P. Technical Advisory Service will assist industrial designers and manufacturers who use plastics mouldings in their 
production processes. Advice is freely offered regarding product styling, mould design, choice of materials and moulding 
techniques. 

HH? 


BRITISH INDUSTRIAL PLASTICS LIMITED 


| ARGYLL ST., LONDON, W.! 









‘BEETLE’ is a trade mark registered in Great Britain and in most countries of the world 
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WICKMAN of COVENTRY 


For further details write to :- 


London 
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Money saved is money earned, and * this man found the way. By the simple expedient of 
changing brazing operations from old fashioned torch methods to modern applied high 
frequency, a total of £12,000 in solder costs alone over twelve months was gained. This is 
the way he did it. 

Excessive heat was being applied to a brazing job because of the conductivity of a large 
part, and distortion was frequent. Applied High Frequency engineered the job for 
brazing by Induction Heating—a satisfactory joint being obtained with 60°, less silver 
solder, and distortion completely eliminated. The saving in solder amounted to one shilling 
and sixpence for each component, calculated on a year’s output; a saving of £12,000 on 
solder alone. 

Saving on this scale may not always be possible; but it may prove worthwhile to have a 


Wickman engineer investigate the possibilities in your production. 


*User’s name withheld by request. 


Works, * Oxgate Lane, *- Cricklewood, * London N.W.2. 
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MEEHANITE METAL FOUNDRIES 


Al YOUR Stk 
VILLENHAL STAFF 
John Harper 
(Meehanite) Led. 
TOCKTON-ON.TEES 
Ashmore Benson 
Pease & Co. 
ARDIFF & NEWPORT, Mm 


Goulds Foundries Ltd. 


G. M. Hay & Co. Ltd. 
RKINTILLOCH 
ameron & 

Roberton Ltd. 
Richards 

(Leicester) Led. 





go meet precise service requirements and—equally important 
(Ealing Park) Led. —you can count on delivery to schedule. 
WCASTLE-ON-TYNE 6 
C. A. Parsons 
& Co. Ltd. 


CHESTER 








Nowhere is the production of repetition castings more 
up-to-date than in the typical Meehanite foundry. 

It is clean, quick and under very close control. 

The castings themselves are sounder, dimensionally 
more accurate, and better finished. They are made to 


‘The Butterley 


Company Ltd. HOW MEEHANITE METAL CAN HELP YOU. 


Write for a copy of “The Specification of 
MEEHANITE Metal (M.S. 104 A)” to any of them 
MEEHANITE Foundries listed. 


Southern Foundries 
Led. 








Carmichael Bros. Ltd. 





Winget Ltd. 


Mechanite 


THE INTERNATIONAL MEEHANITE METAL COMPANY LIMITED |wenntimmt? (2 0/7] 


66 VICTORIA STREET, LONDON, S.W.1. Telephone: ViCtoria 9921-22 Telegrams: Meerion Phone London 





TA4982 
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HUMBER HAWK CONN. RODS 


At Humber Ltd., the small end bushes in connecting rods 
for the 14 H.P. Humber-Hawk are finish bored on this 
PRECIMAX fine boring machine. An _ excellent finish is 
obtained and high rates of production are recorded. We 
build PRECIMAX fine boring machines with any number of 
spindles, and the machines can be supplied completely tooled 
to suit any production requirements. Production estimates 
on your own work will be gladly given on receipt of samples 
or blueprints. 


JOHN LUND LTD. 
CROSSHILLS - KEIGHLEY - YORKS 
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NOW-IN§ YOUR OWN CONVEYOR! 


THE P.C. RHEAD CHAIN CONVEYOR 
—YOU SiMMMMegOLT IT TOGETHER 


Now you can put a conveyor in yourself—in less time and at 
less outlay than you'd credit. Give us your plan. We'll give you 
a conveyor, for quick and easy assembly good for years of 
trouble-free running. No waiting, no hold-ups, no heavy 


installation costs. 
FIND OUT MORE—send for free illustrated folder which gives 


you full details of this install-it-yourself conveyor. We shall be 
pleased to send an engineer to advise customers before 
installation and to check up afterwards. 
1. TRACK: 2 steel angle sections ready-drilled 

for bolting together. 

SUSPENSION: By KING Patent Den- Tang hangers. 

DRIVE UNIT: 90° or 180° sprocket fitted with 

overload cut-outs. 

BENDS: Horizontal or vertical. Normal radius 

2 ft; less if required. 

LOAD: Up to 100 Ibs. at 8" intervals with single 

suspension. Heavier loads can be arranged. 

SPEEDS: Constant or variable, as required. 


REGISTERED TRACE MARE 


CONVEYORS - CRANES 
PULLEY BLOCKS 


COVERED BY BRITISH AND FOREIGN PATENTS 
OUR REPRESENTATIVE WILL CALL ON YOU—ANYWHERE IN THE WORLD Picture of conveyor in action. 


Write for e.c.p. Folder to GEO. W. KING LTD., 13 ARGYLE WORKS, STEVENAGE, HERTS. TEL: STEVENAGE 440. 
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COVENTRY ENGLAND 
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PRESSURE DIE-CAST 


(IN MAZAK OF COURSE) 








This Fishing Reel is a typical example of one of the many objects 
executed by us. 


With over 30 years of Anglo-American experience in die-casting we 
consider that we are experts. 


Our staff of expert designers together with the finest tool room of its 
kind in the world ensure that there will be little or no machining 
required to produce the finished article. 

In these days of mass production and keen competition every cost item 
needs careful consideration—we will prove to you how it is possible to 
produce a job which is stronger, more reliable and with a reduction 
in cost. 


Consult us—you will be under no obligation and we are convinced 
that we can help you. 
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WOLVERHAMPTON DIE-CASTING CO. LTD.- GRAISELEY HILL WORKS - WOLVERHAMPTON 
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Internal Grinders 


AUTOMATIC AND SEMI- 
AUTOMATIC INTERNAL 
GRINDING MACHINES 
For rapid high precision 
grinding of both large and 
small batches—and 
miscellaneous work. Adap- 
table for face and taper 
grinding on work pieces 
up to 21” long because 
workhead can be clamped 
at any position on rear 
slide and swivelled 


through 90°. 


SIDNEY JONES 









aes 






The Institution of Production Engineers Journai 











<< Golub 


PROFILE GRINDING — 
MACHINES 









drawing table of the machine, 
Noy and is used in conjunction with 
the pantograph system. The 
pantograph imparts a fifty-to- 
One reduction to its final arm in 
which is incorporated the pro- 
jection unit. 
Work is focussed under the 
microscope, and the tracing 
point of the pantograph moved 
along the drawn profile. The 


Pantograph i grinding wheel is fed manually # 
into the work and the exact ieee 3 
. progress of grinding can be 
Workpiece followed in the field of the 


Grinding Wheel projection screen or microscope. 


A fifty-to-one drawing of the 
desired profile is mounted on the 
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increase output in the 
up-to-date toolroom 






















Drawing 





These machines are currently used in the toolrooms of a host 
of important aircraft, automobile, watchmaking and general 
engineering organisations for the production of profile gauges, 
form tools, press tools and many other highly precise aids to 
production. 

Operators and managements in these works fully appreciate the 
value of the Wickman Optical Profile Grinding Machine—“‘The 
most helpful piece of equipment we’ve got,” says one—and 
another, ““We could*not produce our type of work without it.” 
We would like you to meet some of these users, we think they 
would convince you. Why not let us take you round, or send 
you fuller information. 





























CIRCULAR FORM DIE GAUGE for Stator FLAT FORM TOOL 
TOOL Blade Tungsten Carbide Tip 





Grinding time 1} hours Gauge Steel From unshaped tip 
A wa ° ws : , 
ee on Stock removal , 015 Grinding time 80 mins. 
Grinding time 2} hours Accuracy -001” 
Accuracy -0003” ay 
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The Annual Dinner, 9th October, 1953 


The series of leading articles on * Universals of 
Production” is interrupted this month to allow 
publication of the Address given by the Right Hon. 
Viscount Waverley, P.C., G.C.B., G.C.S.1., G.CL.E., 
at the Institution’s Annual Dinner in the Guildhall, 
London. 

Lord Waverley was replying to the toast of * The 
Guests’, proposed by the President of the Institution, 
Mr. Walter Puckey. 


S I am supposed to be replying for the guests, I must begin by thanking you, Sir, for your 
very interesting speech and for the kind things that you have said about the various cate- 
gories of guests who have come together at your bidding this evening. 

“In what I have to say I am addressing primarily engineers, and I think that I ought to begin with 
a confession, because I used until quite recently to think that the engineers of this country had laid 
themselves open to criticism, if not to reproach, by reason of the (as it seemed to me) excessive prolifera- 
tion of professional bodies set up within the profession on a sectional basis. I have to some extent 
changed my view; I would not, if there is indeed ground for reproach, wish to include the Institution 
of Production Engineers. If I had any such inclination, it would only be necessary for me to look round 
this remarkable gathering to dismiss it from my mind. 

“T have in fact, however, had the opportunity, through the kindness of your President, of learning 
some things that I did not know before about your Institution. I have learned of your various activities 
during your comparatively short life. and I have been greatly impressed by your history, short though 
it is, and by your record of achievement. 

“TIT know that some fifteen years ago you instituted researches at Loughborough into production 
engineering, researches which have now been entrusted to one of those Associations with which I was 
so closely concerned when I was Lord President of the Council, a development which is, or was until 
quite recently, unique in the world. and on which this country can reasonably pride itself. You have 
what you call ‘ P.E.R.A.’, the Production Engineering Research Association. 





‘I received recently a very weighty parcel—I looked at the postage, and it came to something 
like three shillings—containing recent publications of your Institution. Having looked through the 
contents of that parcel, I have learned of the many fruitful studies that have been pursued under the 
aegis of your Institution into such matters as measurement of productivity, in conjunction with the 
Institute of Cost and Works Accountants. into management. production and rearmament, in conjunction 
with the British Institute of Management. whose Chairman I see here this evening, and into the use and 
handling of materials, and so on. I have learned also that you have established a really high standard 
of qualification for membership of your Institution, and upon that I congratulate you. (Applause) 


“But, gentlemen, this Institution, it seems to me. deserves to be supported not merely, or indeed 
primarily, for the reasons that I have just briefly indicated. It deserves to be supported primarily, as I 
think, because of the vital importance in these days of production. It is on production that the mainten- 
ance of our standards of life. and indeed the maintenance of our economic life as a nation, are 
absolutely dependent. 


“The exports which used to be the mainstay of our foreign trade have dwindled sadly in various 
directions—textiles, and coal. the export of which on a great scale would make a tremendous difference 
to our balance of payments, but which has dwindled to insignificant proportions. We have to look in 
other directions, and we have to face keener and ever keener competition. 


Production and Productivity 


“T noticed in the Press only this morning that our Chancellor of the Exchequer had expressed satisfac- 
tion with an increase of production of, I think it was, 5 per cent. But quantity is not everything. We 
have to make goods that people will buy, and we have to offer them at prices which people are willing 
to pay. That raises a question of productivity, to be distinguished from production; productivity, which 
depends on the relation of the value of production to the resources of materials and man-power used up 
in the process of production. 
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“Now, as you all know, various factors, all essential, enter into the process of production—research, 
development, leading up to the final stage of production, with problems of operation and design coming 
in between the last two, between development and production. All those factors must be kept in balance, 
with the most economic distribution of resources between the different stages. There is indeed—if I may 
venture to say this to you, who know much more about these things than I do—much to be lost by 
allowing any one stage to get out of equilibrium with the others. 

“It has been customary to extol the achievements of this country in pure research, and at the same 
time to deplore our supposed lack of success in the application of the results of research. I think, and I 
venture to say, that such criticism is not quite fair, at any rate in these days. We have certainly led 
the world, as would, I believe, be universally acknowledged, in scientific discovery in the 
physical and the biological sciences and engineering, but what about radar, jet propulsion, new fibres, 
dyestuffs, therapeutic agents, and so on? These things have been not only discovered, but developed 
here with conspicuous success. (Applause) 


Emphasis on Technology 


“There was a time when the pure scientist was inclined to look down his nose at applied science, 
pursuing truth for its own sake and brushing economic arguments contemptuously aside. I expect that 
many of you know the story of Faraday proudly claiming that his elucidation of the principles of 
electromagnetic induction, actually the foundation of the whole electrical industry of this country and 
of the world, could be of no practical value. On the other hand, you had one of our greatest men 
of science of modern times, Rutherford, devoting, I believe, his early years at Cambridge, to which 
he came from McGill, to the study of electromagnetic waves because of what he believed to be their 
economic possibilities. He thought, and made no secret of it, that there might be money in it, and he 
was looking forward to getting married. I think that Rutherford’s example is one to be followed. 
(Applause) I believe that the emphasis on technology today will in the course of a comparatively short 
time result in the elimination of any lingering traces of the old prejudices. 

“ Following upon development, with some overlapping, comes the stage of production, with opera- 
tional tests and problems of design intervening; and there, it seems to me, the production engineer enters 
the picture, with all his new techniques of work study, motion study, measurement of work, the utilisation 
of materials, mechanical handling—which we are greatly interested in, as the President has remarked, 
in the Port of London—factory organisation, the introduction and application of incentive schemes and 
so On. 


“There the same need arises of keeping the various stages of the production process in harmony. 
There is always a tendency for design to become more and more complicated, and there results a 
danger that development may become antagonistic to production. That is a very real danger. I can 
well remember, during the War, hearing bitter complaints of continual changes in detail and consequent 
setback to the production of prototype aircraft for which we were desperately anxious. I am inclined 
to ask myself whether therein may possibly lie the explanation of the withdrawal of the Valiant air- 
craft from a recently organised competitive test. I do not know, but it seems to me to be a possibility 
that excessive time may have been given to development at the expense of production. 

“Then there is the question of human relations, which is very relevant to the introduction of labour- 
saving devices. Organised labour in this country has bitter memories of past exploitation. We must face 
that, and that is a matter, as it seems to me, with which the Production Engineer must concern himself. 


Production Engineering and Management 


“These things which I have mentioned are not, of course, the whole story. There is always the question 
of salesmanship, though that is perhaps a matter for another day. I am thus brought to my final point, 
the relation of production engineering to management. I read constantly, in the correspondence columns of 
the Press, the view expressed that industry would be healthier if only there was more technical experience 
in the higher managerial ranks and on boards of directors and so forth. I can think of many most highly 
competent men of science, wonderfully valuable in their own sphere, who would make terribly bad 
managers and who would not be an acquisition on a board of directors. The claim is one which is perhaps 
put forward most frequently in regard to scientists, but, like most generalisations, it is only partially true. 

“There is no doubt, I think, that management has a technique of its own. It is surely equally true, 
however, that in industry and commerce, unlike essentially technical pursuits, there should be more than 
one avenue to the top, and I would say personally that the more the better. I should like to see it laid 
down and universally recognised that law, accountancy, administration, science. engineering, all these 
disciplines—I omit politics for the moment (Laughter)—are the equivalent of the corporal’s knapsack in 
which the field marshal’s baton may be found. (Applause) None of these disciplines, I am sure, could be 
better from the point of view of management than the discipline and training of the Production Engineer. 

“ For that reason it gives me very great pleasure to be here this evening and to be in a position to 


respond on behalf of your guests in this remarkable gathering to the toast which the President has so kindly 
proposed.” 
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Prior to Lord Waverley’s Address, SIR ROWLAND SMITH, proposing the toast of “ The Right Hon. 
The Lord Mayor, The Sheriffs and The Corporation of London”’, said : 


“ By the generosity of the Lord Mayor the Institution has the privilege of holding its Annual Dinner in 
Guildhall, which for centuries has been a symbol of commerce, industry and hospitality. No one can remain 
unmoved when taking part in such a ceremony in a hall in which a long line of Lord Mayors have enter- 
tained their guests for more than five hundred years. We have only to conjure up a mental picture of the 
incidents which must have taken place within these walls to realise that we are very privileged to be 
holding our Dinner here this evening.” (Applause) 


That the Lord Mayor, in the midst of his arduous duties in Coronation Year, had given the time to 
honour the Institution by his presence was a source of pride and gratification to the President and Council 
of the Institution, continued Sir Rowland, for which they wished him to tender their thanks and apprecia- 
tion. (Applause.) That great Londoner, Dr. Johnson, once said: “* He who is tired of London is tired of 
life.” Despite the great strain which his arduous duties in Coronation Year must have imposed upon him, 
it was easy to see that the Lord Mayor, with his buoyant spirit and his versatility, would never tire of 
London. As evidence of his versatility, he had recently travelled on one of his official duties on horseback. 


“Since the manufacture of motor cars comes within the orbit of the Institution of Production Engineers 
and the breeding of horses does not,” Sir Rowland Smith remarked, “ it might be good public relations for 
me to express the hope that the example which Sir Rupert has set will not be a pattern for his successors in 
office.” Such equestrian exploits formed only a tiny part of the Lord Mayor’s real interests, but when the 
debates at Westminster were more than usually tedious no doubt he would think with a certain regret of * 
the beautiful pastures in his constituency in the Vale of Evesham or of his farm in a pleasant part of 
Sussex. 


It was with very great pleasure that Sir Rowland proposed the toast of the versatile Lord Mayor of 
London—Baker, Skinner, Sailor, Soldier, Airman, Gentleman—and of Mr. Sheriff Tremellen (unhappily 
Mr. Alderman and Sheriff Stockdale was prevented from attending) and of the Corporation of London. 
(A pplause) 


The Rt. Hon. The LORD MAYOR OF LONDON (Sir Rupert De la Bére, K.C.V.O., M.P.), who 
responded, thanked Sir Rowland Smith for the very charming words in which he had proposed the toast 
and said that he would like, in briefly replying to it, to say a word on the employment of older folk in 
business, a very important topic. In the recent World War there had been very little opportunity for 
apprenticeship to be carried on, and to-day the country needed every skilled man it could get. The 
question of emigration entered into the problem; the Dominions wanted our skilled young men and were 
reluctant to take those less skilled. Were we to let these skilled men go, and. if so, in what numbers ? 
Ought we not to employ all our skilled men who were fit and willing to work, even if they were over age ? 


In considering this problem he had sought advice from the Continent, and there he had been told that 
the British race had a positive genius for compromise. He took that as a compliment. It was not possible 
in this matter to lay down hard and fast rules for any industry, but he believed most sincerely that every 
endeavour should be made to employ all our really skilled men who were fit and willing to work, even if 
they had reached a certain age, because we had some magnificent craftsmen in this country and we ought 
to make full use of them. (Applause) 


“T have been ‘ chipped’ a little,” Sir Rupert said, “ because in order to show my Canadian friends that 
I like horses—and Canadians—I rode a Canadian Mountie horse. I shall go on riding horses; but if the 
proposer of this toast will allow an ordinary man like myself to acquire one of those charming vehicles 
which he makes, at the very modest price at which they are advertised, but which you cannot get, I will 
ride in that. (Laughter) I hope that in 1954, when I am out of office as Lord Mayor, I shall be seen pro- 
ceeding to Westminster in one of these vehicles. It would not be in accordance with the traditions of 
Guildhall to give the name of the vehicle, and nobody will guess! ” (Laughter) 


He had greatly enjoyed spending the evening in such a friendly gathering. It was unusual to see in 
Guildhall such a cross-section of a great industry. Often when he spoke he found himself talking to 
virtually the same audience and with only a different name for the banquet, but there was present that 
evening a cross-section of almost the whole of the engineering industry, and it was a great privilege to 
address them. 


“T believe in the old statement.” he said in conclusion, “ that what we want is courage, imagination and 
industry. We have imagination, we have industry, and, my God! we certainly have courage. (Applause) 
In life, if you think you are beat, well, you are beat, but if you think you are unbeatable, you are unbeat- 
able. This country, with all its past history, is unbeatable. It will regain what it had to give up during 
the War, and this nation, which has never really known defeat, but which has often had set-backs, will go 
on to show the world that it stands for something worth while, the survival of home life and all that we 
have in spiritual values; for in home life and in spiritual values this country is a great leader still, and will 
always remain so.” (Applause) 
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IVING in a world of keen competition, and faced 

with the necessity for increased production in all 
phases of our national life, it is essential that full 
advantage be taken of the knowledge placed at our 
disposal, whether it be scientific, technical or 
practical, to achieve the desired ends. This applies 
particularly to all branches of the engineering 
industry. 

A great wealth of information has been written, 
and tremendous strides are being made so far as the 
scientific and technical aspect within the industry is 
concerned, but I feel the practical side, or, if 1 may 
coin the phrase “ getting right down to the floor of 
the production shop ”, has been somewhat neglected. 

Experience, that unique knowledge, stored away 
in a man’s mind, gained by difficulties encountered 
and overcome, day by day, plays a vital part in 
present day engineering production, especially with 
the increase of mass-producing methods. So I intend 
in the short time at my disposal this evening, to make 
some observations on that important subject, jigs and 
fixtures for production by welding, for their use is 
essential for ease in movement of fabricated structures, 
and to obtain correct positioning and good accessi- 
bility of welds. 

In this connection I am dealing principally with jigs 
and fixtures as used in the construction of the under- 
frames of railway carriage and wagon stock, and 
whilst I appreciate that some of those present may be 
chiefly interested in small welded fabrications, the 
construction by welding of this particular class of 
work covers a wide range, from small sub-assemblies 
to the final heavy construction. 

To clear any confusion as to the difference between 
a jig and a fixture, a jig may be described as a device 
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other than a template for guiding a machining or 
manufacturing process, so that the required dimen- 
sions are conformed to without specific measurements 
being made, whilst a fixture is a device for holding 
an article or machine so as to facilitate a specific 
machining or manufacturing process. It is often 
difficult to distinguish between the two, but it may 
generally be said that the ultimate purpose of such 
equipment is to eliminate the repetition of measuring, 
marking-off or setting-up in connection with multiple 
production, thus conserving the time of skilled staff 
and reducing costs, whilst at the same time tending 
to produce articles that are standardised and inter- 
changeable. 

Now, the design and construction of really effective 
jigs or fixtures requires careful planning and a 
detailed study of manufacturing procedure, and thus 
the success or failure of the final construction depends 
largely on the skill and initiative of the Production 
Engineer. 

So many problems present themselves in the initial 
stages of any form of construction, which have a vital 
bearing on the design of jigs and fixtures to be used 
and their sequence of operation, that I suggest we 
spend a few minutes considering them. 

Drawings of a new welded structure require careful 
attention to ascertain the size and type of welds, their 
location and accessibility in manufacture, and it may 
be necessary to make recommendations for alterations 
to drawings to make for rapid output. 

Other influences which affect the design of jigs and 
fixtures to be used are the rate of production required 
and floor space available. The latter governs the time 
allowed for each operation and, therefore, the size 
and number of fixtures required. It is often advisable 








to break down the main assembly into as many sub- 
assemblies as possible, thus facilitating handling of 
component parts, lessening possible distortion when 
welding the main assembly and, above all, preventing 
undue waste of welding time. 

Again, it may be economically sound to introduce 
automatic or semi-automatic welding machines, and 
it is always profitable to be well informed of the 
latest equipment as it appears on the market. The 
people responsible for its manufacture are always 
willing to place their services at the disposal of the 
trade. 


Design of Jigs and Fixtures 

When satisfied on these points, it is possible to 
begin designing the jigs and fixtures required. There 
is no hard and fast rule for this; good common sense, 
coupled with practical experience, are the deciding 
factors. The work should not be rushed and the final 
design should take shape from rough sketches. The 
operator should be pictured at work on the sub- 
assembly concerned. 

The jig or fixture should be made as simple and 
foolproof as possible, without sacrificing efficiency 
and, should the fixture become complicated by having 
to hold a number of components, particular care 
should be taken to ensure that it is easy to withdraw 
the welded structure after completion. Distortion, 
should it occur, will also make withdrawal difficult— 
another point to bear in mind. 

Jigs and fixtures for welding differ from those used 
on machine tool work in that fine polish and finish, 
the pride of the toolmaker, are less necessary. They 
are usually of plain construction and often made from 
scrap rolled steel sections, one qualification being that 
location stops must be correctly positioned and, if 
machined, protected from weld-spatter. 

It is often wise to discuss the design freely with the 
operators who have to use the jigs or fixture. Not 
only may a more effective design be achieved thereby, 
but there is a tendency to create interest and a sense 
of responsibility among the operators. 

All clamping devices and location stops should, if 
possible, be placed where the operator can see them, 
and it should be remembered that clamping the work 
to the fixture can become very fatiguing. Clamps 
should, therefore. be simple and as easy to work as 
possible, and for very rapid production adoption of 
pneumatic clamping devices may be advisable. Care 
must also be taken to position clamps so as to avoid 
springing the work. 

It may be possible to accommodate several sizes 
of a similar design of structure by incorporating in 
the fixture adjustable location points. 


Use of Distinctive Colours 

It is a good plan to paint a jig or fixture a distinc- 
tive colour, for it is not unknown for an operator to 
weld the work to the fixture. 

It may be found necessary to use a positioner or 
manipulator, for it must be borne in mind that the 
fundamental condition for the efficiency of welding 
as a production method is largely dependent on ease 


in handling fabricated structures in order to obtain 
correct positioning and good accessibility of the 
welds. 

Every weld should, as far as is practicable, be made 
in the downhand position thus reducing to a mini- 
mum fatigue of the operator and possibly enabling 
welding time to be reduced by the use of larger 
electrodes, whilst enabling much of the work to be 
carried out satisfactorily by operators not possessing 
a high degree of skill. 

For a large or heavy fabrication, particularly if it 
is cylindrical in form, it may be advisable to use a 
roller-mounted manipulator. The jig or fixture may 
be enclosed in wings which revolve on rollers. Such 
equipment is liable to become complex and expensive, 
however, and in a particular scheme with which I 
shall be dealing in detail later, the idea of using large 
manipulators was rejected in favour of static jigs and 
fixtures, in which the work was positioned by means 
of overhead lifting gear. 

One of the most difficult problems encountered 
in fabrication by welding is distortion, and whilst 
the causes, effects and means of counteracting dis- 
tortion do not come within the province of this 
Paper and would provide the subject for a Paper 
on their own, one or two observations may be 
appropriate in relation to the design of welding jigs 
and fixtures. 

In a number of instances possible distortion can 
be anticipated and counter measures taken. Suitable 
allowance can be made when locating positioning 
stops and arranging the components of the structure. 
The sequence of welding is also of the greatest 
importance, as it is often possible evenly to distribute 
the heat that has got to be put into the structure, 
rather than concentrate it in a restricted area. 
Again the jig or fixture can be so designed that with 
the aid of mechanical appliances, distortion may be 
resisted. 

Should distortion have occurred in the completed 
structure, the only remedy is some form of heat 
treatment. 

I will now endeavour to explain more fully some 
of the points I have mentioned, dealing first with 
the simpler type of fixture and proceeding to more 
complicated designs. I have taken as examples a 
number of welding jigs and fixtures used on railway 
carriage and wagon construction. Some may appear 
crude in construction but they have been made for 
hard wear, and I can assure you they get it. As 
they come out of service, modifications and improve- 
ments are made in the light of experience gained, 
whilst others are scrapped. It should be remem- 
bered that even for comparatively small quantities 
of welded fabrications of the same design, not only 
is a jig or fixture essential for easier handling of 
component parts, but the cost of its construction is 
negligible compared with the results achieved. 


Fixture for Covered Goods Wagon Door Hinge 

Many railway covered goods vehicles are fitted 
with four doors each supported by two hinges, and 
Fig. 1 shows a simple but effective method of 
holding the boss or bolt end of the door hinge, and 
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the hinge bar for welding. For location purposes 
advantage is taken of the bolt holes already jig- 
drilled in the hinge bar for bolting to the door. 

The fixture is constructed of a short length of 
rolled steel joist, one of the flanges being used as a 
base, and in this two dowel pins are fitted for 
positioning the hinge bar. At one end of the steel 
joist, two plates are attached, designed so as to 
allow ample clearance for welding, and drilled so 
that combined, they form a double-eye, in which 
the bolt end is located and held by a turned pin 
passing through the holes in the plates. The hinge 
bar is held by a steel tapered cotter, passing through 
two lugs welded to the base. The fixture rotates as 
required on the trunnion plates attached to the 
supporting channel. The two components are welded 
with no preparation. 


Fixture for Welding Fastening Lugs to Roof 
Irons 

Fig. 2 shows a fixture for welding the fastening 
lugs to the ends of roof supporting angles. Mounted 
on trunnions, it is constructed of 9% x 34,” 
channel, the web forming the base. At one end a 
steel disc is attached, made to lock at any angle 
when welding is taking place. The small platforms 
at either end of the base are each fitted with a dowel 
pin to locate the roof angle, advantage being taken 
of the bolt holes already jig-drilled. 

Two large quick acting toggle clamps hold the 
angle, whilst the fastening lugs, mounted in their 
respective positions, are held by smaller clamps of 
the same design. A feature of these clamps is that 
any thickness of material within a certain range can 
be accommodated and held firmly by adjustment of 
the holding down set screw. 

Fig. 3 shows a close-up view of the clamping 
arrangement. 


Fixture for Fabricated B.R. Standard Carriage 
Vestibule Buffer Guide Bracket 


The B.R. standard carriage vestibule buffer guide 
bracket consists of six pieces of plate, four of which, 
when welded together, form a rectangular housing 
(as may be seen in Fig. 4) through which the vesti- 
bule buffer stem passes, allowance being made for a 
tapered wedge for adjusting purposes. Two plates, 
one at the back for fastening to the headstock, and 
the other on top, acting as a support for the vestibule 
gangway, complete the assembly. The fabrication of 
the structure is made in two operations. 


First Operation 


The fixture in which this bracket is assembled is 
constructed of two plates, welded together at right 
angles, forming a base and back plate. On the base 
plate there is a small box-like mounting, flanked on 
either side by a short length of angle for clamping 
purposes (Fig. 14). 


Method of Assembling 


The two small side plates of the housing are placed 
one on each side of the mounting and held by set 
screws provided in the adjacent angles, whilst the 








top plate rests between the two. A turned pin 
passing through holes in the angles and side plates 
positions the assembly. Two dowel pins attached to 
the back plate locate the web. 


Second Operation 


The top and end plates are located on a fixture, 
shown in Fig. 5, by utilising the holes already drilled 
in them, and the housing shown in Fig. 4 is posi- 
tioned on them by means of a stop projecting from 
the back plate of the fixture. Tack-welding is then 
carried out and the assembly is removed from the 
fixture for completion. 


Fixture for Tack Welding Wagon Buffer 
Trimmers 


A buffing trimmer is a short, stiff strengthening 
member of a wagon underframe, situated between 
the outer solebar and inner diagonal member. Its 
function is to support the buffer stem and take the 
initial buffing load, due to impact with other 
vehicles. 

The fixture for its construction (see Fig. 6) con- 
sists of a base plate with two vertical supports, 
carrying a top plate. The small structure in the 
centre of the fixture, supports the web plate. 


Method of Loading 


There are five component details to be accommo- 
dated : first, the solebar fastening plate is placed on 
the base, resting between the locating stops pro- 
vided and held by four taper pins passing through 
the fastening holes already drilled in the plate and 
corresponding holes in the base of the fixture; next, 
the web plate, with boss attached, located by the 
two small dowel pins, is fitted in the centre structure 
contacting the buffer hole of the plate and secured 
by the screwed cap against the boss face. The top 
and bottom plates are then placed in_ position, 
located from the base and held by the tee bolts 
provided in the vertical supports. Lastly, the 
diagonal fastening plate is mounted on the top of 
the assembly and held by a set screw to the top 
plate of the fixture. 

Fig. 7 shows the fixture loaded and a completed 
buffer trimmer. 


Fixture for Prototype Brake Shoe 


In Fig. 8 is seen a prototype brake shoe, com- 
prising six pieces of 4” plate, two curved and 
machined with a square hole to fit the brake block 
refill, and four strengthening gussets. The shoe itself 
is manufactured complete in one fixture but in two 
sections, similar in design, except that one is larger 
than the other and drilled to take the brake block 
hanger. 

The fixture, a fabrication with the base plate 
curved to suit the profile of the shoe faces, is fitted 
with square projections for location purposes. In 
the centre a replica of the brake beam end is con- 
structed with two lugs drilled to locate the brake 
hanger pin. 


Fig. 7 


Fig. 8 
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In loading the fixture, the shoe faces are located 
by the square projections on the base, whilst the 
gusset plates rest, two on each side of the inclined 
plate at the centre between guide studs. The move- 
able arm is then lowered and locked by a quick- 
acting eccentric clamp, holding the assembly firmly. 
Fixture for Welding Brake Shoe and Brake Beam 

Assembly 

In Fig. 9 is shown the method for assembling the 
brake shoes and the brake beam. The beam itself. a 
fabrication, made from }” flat bar suitably profiled 
and strengthened by a stiffening strip along the 
outer edge, is drilled with a series of holes for brake 
adjustment. 

The fixture, made to rotate, is of 6” x 4” channel. 
the web forming a base, to which mountings, similar 
in design to the fixture previously described, are 
fitted, one at either end, for locating the brake shoe 
sub-assemblies. Dowel pins passing through the 


brake adjusting holes in the beam and specially 
prepared holes in the fixture, locate the beam, whilst 
the shoes are positioned by the square projections 
and locating strips provided in the mountings, and 
held by steel tapered wedges driven firmly against 
stops on the fixture. 





Fig. 9 

The Shock Absorber Wagon 

A shock absorber wagon is a specially designed 
vehicle for carrying fragile freight. When it is con- 
sidered that British Railways carry approximately 
one hundred million tons of merchandise per annum. 
excluding coal and iron ore, it is inevitable that 
instances of damage to goods in transit occur. 
Efforts have been, and are being, made to minimise 
this, and the introduction of the shock absorber 
wagon, both open and covered, is an example. A 
covered vehicle of this type is illustrated in Fig. 10. 

The principal feature of the design of these 
vehicles is that the body, instead of being integral 
with the underframe, is constructed as an indepen- 
dent unit, mounted so as to have a limited amount 
of longitudinal travel on the underframe. The 
movement of the body is controlled by springs 
acting horizontally on brackets on the main under- 
frame and the sub-frame of the body, thus absorbing 
some of the shock due to impact of the buffers. For 
the purposes of this Paper, we are only concerned 
with the fixtures for fabricating the auxiliary spring 
hanger bracket and the construction of the sub- 
frame of the body. 
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Fig. 10 


Fixture for Welding the Shock Absorbing 
Spring Bracket 

Fig. 11 shows the details of the bracket. a completed 
assembly, and the fixture loaded. 

The details, four in number, comprise the body 
of the bracket made from }” mild steel plate suitably 
shaped, a large washer to take the thrust of the 
absorber spring, a small washer, through which the 
guide spindle of the spring passes when assembled, 
and a small guard lug. 

The fixture. made from scrap off-cuts. consists of 
a base plate. to which is attached a small section of 
9” x 3” channel with locating strips welded on the 
inside face of the flanges for supporting the body of 
the bracket. 

The position of the bracket in the fixture is 
governed by the two small vertical strips attached 
to the base. A turned pin. slotted to take two steel 
tapered cotters, accurately positioned by the holes in 
the outer vertical supports. locates the large and 
small washers. By tightening the cotters the assembl\ 
is held firmly. The hinged piece, attached to the 
right hand vertical support. locates the guard bracket. 





Fig. 11 


Fixture for Fabricating the Complete Solebar 
Assembly for Shock Absorber Wagon 


The assembly consists of the 9” x 3” x 17’ 6” 
outer channel, or solebar, of the main underframe 
to which are attached two auxiliary spring brackets 








and two shock absorber spring compressor brackets. 
Holes drilled in the channel for other details are 
used for location purposes. The fixture, constructed 
from 9” x 34,” channel and embodying a King- 
post to prevent sagging, is mounted on pedestals with 
a locking device at one end for setting at any angle 
when welding. This may be seen in Fig. 12. 

Four pairs of stops, welded to the flange of the 
fixture, locate the brackets. Two pairs for the 
auxiliary spring brackets are drilled to take a turned 
pin which passes through the holes in the washers, 
whilst the compressor brackets are held in the other 
two pairs by means of a locking bar. This is clearly 
seen in Fig. 13. 

As a precaution against any discrepancy in the 
rolled steel section, such as twist or other distortion, 
the solebar is securely bolted to the base of the 
fixture by four bolts, two at either end. 





Fig. 12 


Shock Absorber Wagon Sub-Frame 

Fig. 14 shows the sub-frame of a shock absorber 
wagon, constructed principally of 4” x 3” channel, 
with the exception of the outer side rail which is 
3” x 3” angle, strengthened in the doorway by a 
stiffening plate. 

The complete structure is made in two operations, 
(A) the two outer sections, each comprising the inner 
longitudinal and outer side rail with their respective 
transverse members and (B) the complete sub-frame 
structure. 

In Fig. 15 is shown the fixture for assembly (A) 
made from a length of 10” x 3” channel, the web 
being used as a base plate, to which are attached 
the necessary locating stops. The fixture is capable 
of rotating on pedestals. To one of the flanges of 
the channel base two quick acting toggle clamps are 
fitted for holding the doorway stiffening plate. On 
the other flange four positioning brackets are bolted. 
Method of Loading Fixture 

The four positioning brackets are first released to 
allow freedom of movement when assembling. The 
side rail angle and longitudinal channel are then 
fitted against the stops provided. Dowel pins passing 
through the holes drilled in the members. locate’ 
them correctly. The transverse members, the ends 





Fig. 13 


of which are profiled to fit the inside section of the 
channel, are next placed in position and the assembly 
completed by tightening the four brackets attached 
to the flange of the fixture. To ensure perfect 
horizontal alignment. four clamps hold the assembly 
to the fixture. 





Fig. 14 


Assembly (B) of the Sub-Frame 

Fig. 16 shows the fixture for the complete fabrica- 
tion of the sub-frame, constructed chiefly from 
6” x 34” channel, and equipped with the necessary 
supports, stops and clamping devices. 

To load. the two sub-assemblies previously 
described are first placed in position, followed by the 
centre longitudinals and end channels. the holes for 
the floor plates being used for locating. The fitting 
of the transverse members completes the assembly. 

To ensure that the profiled ends of the various 
members fit tightly in position, wedges are driven 
firmly between the ends of one end channel and 
stops provided. 
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Fig. 15 


British Railways Standard Carriage Underframe 

Fig. 17 enables me to enlarge on my earlier obser- 
vations concerning the problems which confront the 
Production Engineer in the initial stages of any new 
constructional scheme, and the various influences 
which have a vital bearing on the design of jigs and 
fixtures to be used. 








Fig. 16 
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As you are aware, one of the great advantages of 
British Railways under nationalisation has been a 
certain degree of standardisation of rolling stock, 
and the British Standard carriage underframe is of 
great interest in connection with our subject. 

In the development of this underframe, close 
liaison was maintained between those responsible for 
the design and those concerned with production, 
with a view to minimising difficulties in manufacture. 

The underframe for corridor stock is 63’ 5” long 
(over headstocks) and 7’ 114” wide, and is designed 
to withstand an end compressive load of 200 tons. 
The strength of the structure lies mainly in the 
centre longitudinal trussed members. Cantilever out- 
riggers mounted on the outside of these carry the 
outer longitudinal members or solebars. The load 
from the side buffers is transmitted to the centre 


longitudinals through diagonal abutments. The 
underframe is constructed with an upward camber 
of 4” + 4” measured from end to end. 


Extensive use is made of British Standard rolled 
steel sections and an interesting feature of the design 
is the use made of “Tees”, enabling adequate 
welding attachment to be obtained without the use 
of gusset plates. Their use also assists in the prepara- 
tion of the majority of the component members for 
assembling with the minimum of fitting by enabling 
the ends to be profiled and bevelled by flamecutting. 

Having said so much on the general design of the 
structure, we now come to planning its construction. 
From experience, I have come to the conclusion that, 
if possible, it is preferable, when planning for a given 
project, to allow a reasonable margin of spare 
capacity to meet any eventualities, especially in these 
days of uncertainty when further demands for in- 
creased production may be forthcoming. 

In the case under review, the maximum number 
of B.R. Standard carriage underframes were required 
to be produced in a works where the only available 





Fig. 17 


NEW BRITISH STANDARD COACH 
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shop was 315’ 0” x 50’ 0”, thus having a floor area 
of 15,750 sq. ft. This only allowed seven operational 
positions, but study of the length and size of welds 
and methods of positioning to give the greatest 
accessibility revealed that it should be possible to 
produce 10 underframes per 44-hour week. 

To facilitate this it was decided that, for produc- 
tion purposes, the structure should be broken down 
into three main sub-assemblies, as follows :— 

A. The two longitudinals of the centre girder 

B. The four headstock abutments 

C. The two headstock assemblies complete 

A plan of the shop concerned is illustrated in 
Fig. 18. The material enters at the right hand end, 
and is assembled in a number of progressive stages 
through the length of the building. 

The two longitudinal members, A, after being 
assembled and tack welded on fixtures 1 and 2, are 
finished, welded at 3, and moved to 4 and 5 where 
they and other underframe members are assembled 
and partially welded. The assembled structure is 
then moved to 6 and 7 for finished welding, after 
which it is lifted on to bogies, and passes through 
further progressive stages, for fitting of details 
and painting, before leaving the shop at a point at 
the right hand end adjacent to where the material 
entered. 

To avoid waste of welding time the fixture for 
sub-assemblies A was made in duplicate, one for 
assembling, one for welding, carried out alternately, 
and each equipped with overhead lifting appliances 
for positioning, making each operation self-contained. 
Manipulators were considered for these operations, 
but were rejected due to the time ° “tor in loading 
and unloading and the cost of construction. 


Sub-Assembly A consists, ot :— 


1 British Standard Tee 6” x 6 x }” termed the 
Top Longitudinal. 
1 British Standard Angle 5” xy. 
Bottom Longitudinal. 
The bottom longitudinal is designed to run parallel 
with the top longitudinal for a distance of 15’ 0”, 
and then inclines to form the tie of a Queen-post 
truss. A stiffening angle, 6” x 4” x #” is welded 
to that portion of the longitudinals running parallel 
with each other, so that when completed, a cross 
sectional view of this portion of the structure appears 
like a rolled steel joist, as shown in Fig. 19. 


x 4” termed the 





Fig. 18 


An important feature in the design is that a gap 
of }” is allowed between the edges of the flanges of 
the assembled longitudinals parallel with each other 
to enable a welded joint to be made. 


Welding Operation of Sub-Assembly A 


The actual welding operation is to butt-weld the 
flanges of the top and bottom longitudinals, thus 
filling in the }” gap, the stiffening angle acting as 
a backing strip. A 4” fillet weld is then deposited 
along the upper and lower edges of the stiffening 
angle, attaching it to the longitudinals. The sub- 
assembly is completed by welding the auxiliary 
members in position. 


Fixture for Welding Sub-Assembly A 


The fixture for such a fabrication imust be of rigid 
construction. In this case it is built of 6” x 34” 
channel as shown in Fig. 20 and the supports 
grouted in the ground. The locating stops are 
machined and the clamping devices are strong 
enough to overcome the stiffness of the component 
members of the structure, and also to rectify any 
slight distortion in the rolled steel sections as received 
from the mills. Each fixture is designed to take two 
structures, one right and one left hand, as will be 
clear from Fig. 21. Incidentally, all the fixtures for 
this class of work are designed with movable 
locating stops and clamps to suit the varying lengths 
of British Railway standard underframes. 
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Manufacturing Process of Sub-Assembly A 

As previously explained the finished underframe is 
required to have an upward camber of 3” + 1” 
at the centre. The central longitudinal trussed 
members thus have to be constructed with this 
camber. In the early stages of production it was 
found that the long continuous welds between the 
top and bottom longitudinals at each end of the 
assembly tended to induce curvature into the struc- 
ture, but to too great an extent. The stops in the 
jigs were therefore arranged so that when the top 





Fig. 20 


longitudinal is clamped in place it has a slight reverse 
camber at the ends. 

It is the practice first to load the jig with all 
members but the stiffening angles, clamp them into 
position and tack-weld them. The stiffening angles 
are then fitted and tack-welded. The tack-welding 
is sufficient to enable the assembly to be lifted out 
of the jig and transferred to the next stage for finish- 
welding, 


Completion of Welding, Sub-Assembly A 

No jig is used for this process, but the structure 
is placed on the fixed steel trestles which may be 
seen in Fig. 22, and turned by means of overhead 
lifting equipment, wedge blocks being used to prop 
the structure in intermediate positions so that the 
angle is such as to allow all welds to be made “ down 
hand”. This completed, the two principals of the 
centre girder are ready for the final assembly. 


The Headstock Abutments: General Design, 
Sub-Assembly B 

The buffer abutment and headstock assembly is 
shown in Fig. 23. Each buffer abutment consists of 
four }” plates, suitably bent, which, when assembled, 
form a box section, the edge of the top and bottom 
plates running parallel with the longitudinal mem- 
bers of the main frame to which it is attached in the 
final assembly. The buffer end of the structure is 
so strengthened by additional plates as to form a 
complete box unit. 


486 








Fig. 21 


The buffer back plate is machined to take the 
square head of the washer, through which the buffer 
stem passes, thus permitting limited freedom for 
lateral movement of the buffer when the vehicle is 
on a curve. 


Fixture for Welding Sub-Assembly B 

The jig for welding this fabrication is mounted on 
a positioner and designed to hold two abutments, one 
right hand and one left hand, as may be seen in 
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Fig. 23 


Fig. 24. To facilitate assembling and give accessibility 
for welding, the detail is jigged upside down. Two 
lengths of channel, made to represent the longitu- 
dinals of the finished underframe, are attached to 
the centre of the base plate and, to these. protruding 
arms, constructed from plate, are welded, having 
locating strips, dimensioned so as to correspond to 
the internal dimension of the abutments. The top 
plate has three small rectangular holes to facilitate 
clamping the component details in position. The 
buffer back plate is located by means of a removable 
jig, made to fit the square hole in the plate and 
positioned by an angle mounted on the base. 
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Fig. 24 





Manufacturing Process, Sub-Assembly B 

The order of assembly is as follows. First the top 
plate is placed in the bottom of the fixture, followed 
by the buffer strengthening plate, using one of the 
small rectangular holes when clamping; then the 
two side plates, using the two remaining rectangular 
holes for clamping purposes. The removable jig 
plate is then passed through the rectangular hole in 
the buffer back plate and secured. The partly 
assembled structure is then tack-welded to permit 
removal of the clamps so that the bottom plate may 
be inserted when the welding operation is com- 
pleted. To release the finished detail, after comple- 
tion, the channel representing the headstock plate 
and the jig plate are removed and, by gently prising, 
the abutment at the longitudinal position is easily 
detached from the fixture. 





Fig. 25 


The Headstock Assembly Complete: 
Sub-Assembly C 
The complete headstock assembly comprises the 
headstock plate, the two abutments and the head- 
stock strengthening plate. 


Fixture for Welding Sub-Assembly C 

Fig. 25 shows the fixture for this sub-assembly. 
It is mounted on a platform and has a base plate to 
which are welded four positioning stops, two at 
either end, for locating the headstock plate. Between 
each pair of stops is fitted an adjustable sliding bolt, 
which locks the headstock abutments in position. 
The centre of the fixture represents ihe centre longi- 
tudinal members of the underframe, the lugs on each 
side corresponding to the flanges. The small columns 
on each side of the centre structure carry jigs for 
correcting the vertical alignment of the headstock 
abutments. The headstock strengthening plate is held 
by the small angle in the centre of the fixture. 


Manufacturing Process of Sub-Assembly C 


To load the fixture, the headstock plate is placed 
on the base plate so that the large hole at each end 
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of it, through which the buffers eventually pass, is 
located by the stops on either side of the locking 
bolts, as shown in Fig. 26. The abutments are then 
set against the lugs on the central portion of the jig 
at the upper end and locked by the bolts at the 
lower end. They are located at a third point by 
means of the plates on the arms mounted on the 
columns on either side, as shown in Fig. 27. Finally, 
the stiffening plate is bolted to the central angle 
bracket and the assembly is ready for welding. 





Fig. 27 
operate. Another feature of this particular fixture 
is the adoption of eight quick acting screw jacks, 
four at each end of the fixture, to assist in position- 





Fig. 26 


Fixture for Final Assembly 


The fixture for the final assembly is shown in 
Fig. 28. It must of necessity be a heavy structure, 
not only on account of the weight of the work, but 
also to overcome the resistance of the combined 
fabricated members of the sub-assemblies and any 
distortion which may have occurred during their 
manufacture. It is built of rolled steel joists, chan- 
nels and tees, well braced to ensure absolute rigidity, 
for a tolerance of + ;” only is allowed in width Fig. 28 
throughout the entire length of the underframe. 





To simplify assembly and provide the greatest 
accessibility for welding, it is designed to allow the 
structure to be built in the inverted position, pro- 
viding for the correct camber of }”. 

The locating and clamping devices must again be 
of sturdy construction, and since the only safe pro- 
cedure, when positioning rolled steel sections, is to 
locate from the Suter face of the member, special 
clamping arrangements are necessary to allow 
sufficient clearance to accommodate the flanges. 


In this particular instance, locating pins are used 
(see Fig. 29) and these are fitted with tapered cotters 
so that the members are held firmly against the 
locating stops. When released the bolt has a free 
movement of approximately 7”. In the case of the 
inside members, the body of the clamp is pivoted 
and can be locked in position before the locating pin 
comes into operation. This method of clamping has 
proved very effective, quick in action, and simple to 
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Fig. 30 


ing the complete headstock assembly (see Fig. 30). 

Fig. 31 shows the clamps for holding the cantilever 
outriggers and auxiliary members. These are 
designed so as not to interfere with the underframe 
being lifted out of the fixture. 


Method of Assembly and Welding 


First, the two longitudinal sub-assemblies of the 
centre girder are placed in position against the inner 
supports of the fixture, followed by the two outer 
channels (solebars) as shown in Fig. 32 and the four 
aligned by locating stops, situated midway along the 
fixture. 

The transverse members of the centre girder are 
then fitted, followed by the top and bottom cantilever 
outriggers, and lastly the complete headstock assem- 
blies. To rectify any possible distortion which may 
have occurred during the welding of the  sub- 
assemblies or any irregularities in the rolled steel 
sections, the cantilever outriggers and auxiliary 
members are cut so as to allow for grinding during 
fitting, thus ensuring good butt joints. 





Fig. 31 














Fig. 32 


The welding procedure is planned to begin from 
the centre of the centre girder and work outwards, 
and from the ends of the structure working inwards. 
The entire cross section of the contacting ends of 
all the auxiliary members is welded, resulting in a 
series of short runs. Only downhand welds are made 
in the fixture and, when these are completed, the 
structure is moved to the final welding stage. 

Here, it is stood on its side by means of overhead 
lifting equipment as shown in Fig. 33, and all 
possible downhand welds are carried out. The 
structure is then reversed and the same procedure 
followed. The underframe is then mounted on its 
bogies and the top surface welds completed. 

Fig. 34 shows a completed carriage underframe. 
It is of interest to note that, despite the fact that 
there are some 950 ft. of welding in the structure, 
the size of fillet varying from ~” to 2”, it is 
almost unknown for the finished frame to require 
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any correction for distortion or misalignment. This, 
coupled with the fact that the production cost of 
this underframe, as produced from the shop lay-out 
under review, is as low as any in the country, speaks 
well for the jigs and fixtures employed. 
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PRODUCTIVITY STUDY COURSES 

Following upon the Summer Course on Work 
Study, held this year at the new Birmingham 
University Institute for Engineering Production, a 
series of short residential courses on the introduction 
and use of productivity study methods in industry 
has now been arranged for Works Managers and 
senior Production Engineers. 

The courses each run for two weeks and may be 
attended separately or in sequence up to a total of 
six weeks. Each course will provide an opportunity 
for specialists in the work study, process development 
and operational research, and other productivity 
study fields, to exchange experience and to discuss 
practical application problems with industrial execu- 
tives responsible for the introduction and develop- 
ment of productivity improvement work in_ their 
own companies. 

The year’s programme will end with a five-day 
conference to discuss the problems of applying 
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scientific and industrial research results in raising 
industrial productivity. 

The inclusive charge for the normal two weeks 
residential course is £30 per member. Full particu- 
lars may be obtained from the Senior Course Secre- 
tary, The Institute for Engineering Production, 
“Southfield”, 16. Norfolk Road. Edgbaston, 
Birmingham. 15. (Tel: Edgbaston 0390.) 


FELLOWSHIPS FOR STUDY AND TRAVEL 
IN AMERICA 


The Commonwealth Fund. New York. announces 
that twenty Fellowships for advanced study and 
travel in the United States are offered in 1954 to 
men and women who are British subjects and degree 
graduates of a university in the United Kingdom of 
Great Britain and Northern Ireland. The Fellow- 
ships are tenable for a period of tweive months, but 
may be extended, at the discretion of the Directors, 
for a further period of nine months. 

Candidates are required to show a record of 
marked ability during their university careers. and 
of proficiency in some recognised branch of learning, 
art, or the professions. Experience in research and 
in post-graduate study constitutes a valuable (but 
not indispensable) qualification for appointment. It 
is hoped that among the applicants there will be 
some engaged in industry or in professional work 
who can secure leave of absence for a year of study 
in the United States in some scientific. technical or 
other field of interest and value to them. 

Candidates, who must be available for interview 
in London in March, 1954, may be married or single, 
but should be over 23 and under 32 years of age on 
Ist September of the year of award. Full particulars 
regarding these Fellowships may be obtained from 
The Warden, Harkness House, 35, Portman Square, 
London, W.1. 
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THE MANUFACTURE OF A LARGE 
WATERWHEEL GENERATOR 
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Production Engineers during the pertod 1951/53. 


HIS Paper deals with the manufacture of a 

particular waterwheel generator which is fairly 
typical of present-day practice in the design of large, 
slow speed, vertical shaft, water-turbine driven A.C. 
generators. 

The main features of the machine are briefly dis- 
cussed, with special reference to those design features 
which are influenced by considerations of manufac- 
ture, handling and erection on site. 

Production problems associated with the construc- 
tion and planning of such a large, individually-built 
machine are considered, prior to a detailed analysis 
of the processes involved in producing the larger 
components of the generator. 

From the receipt of raw materials, manufacture is 
traced through the fabrication shops and the machine 
shops to the core-building and armature winding 
sections. Sub-assemblies and main assembly work 
lead up to the testing stage, where the machine is 
given full operational and overspeed runs, prior to 
dismantling and packing for shipment. 

The machine under consideration is a 33,000 kVA 
waterwheel generator, (Fig. 1), operating at 11,000 
volts, 50-cycles, and is one of three commissioned by 
the New Zealand Government. 

The total weight of the generator is 330 tons, of 
which the rotating element, carried on a single thrust 
bearing of special construction, is 182 tons. The 
overall diameter is 34 ft. and the height approxi- 
mately 29 ft. 

Normal operational speed is 166.7 r.p.m., making 
it a 36-pole machine, but water-turbine governing 
limitations necessitate a construction which will allow 
a safe overspeed of 410 r.p.m. 





Mr. R. H. S. Turner 


In this instance, the thrust bearing and single 
guide bearing are situated below the dished arms of 
the rotor, giving what is known as the “ umbrella” 
type of construction. 


General Construction 
(a) Stator 

The stator frame, or yoke, is built up of welded 
plates and is made up of four sections for ease of 
handling. The joints between the sections are heavily 
flanged and held together by bolts and dowels. 

The yoke carries the stator core, consisting of 
silicon-alloy laminations punched in segments. Each 
segment is secured by half-dovetail notches in the 
outer corners, which engage with suitably positioned 
dovetail bars welded in the stator frame. The seg- 
ments overlap in successive layers and in such a 
manner as to produce slots in which the stator 
windings are later embedded. To ensure tightness 
of the core, which is essential if vibration and damage 
to insulation are to be avoided, the punchings are 
clamped between heavy welded steel endplates 
secured to the frame. 

The stator winding is accommodated in the core 
slots and is of the two-layer, diamond coil type, all 
coils being duplicate and interchangeable. Prior to 
winding, the coils are formed, insulated, impregnated 
and fully tested at 24 times the voltage they will be 
subject to in service. 


(b) Rotor 
The shaft forging. heavily flanged at one end for 
coupling to the turbine shaft, carries the thrust 
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Fig. 1 


bearing collar and a cast steel flanged hub, pressed 
and keyed in position. 

Eight fabricated arms are secured to the hub by 
means of two clamping rings and taper shank bolts 
(Fig. 2). Such an arrangement permits the rotor to be 
lifted without its shaft and hub, thus avoiding 
exceptionally heavy lifts during manufacture and 
also reducing the crane capacity at the point of 
installation. 

The fabricated arms carry a heavy rim of steel 
laminations suitably punched to produce T-slots in 
which the poles carrying the field coils will engage 
(Fig. 3). There are twelve laminations, }-in. thick, 
to the circle, and each lamination covers three pole 
pitches. They are overlapped in the same manner 
as the stator core punchings, and are compressed 
between heavy steel endplates by a large number of 
fine clearance bolts. Friction between laminations is 
sufficient to prevent slip even at high overspeeds. 
The whole rim is built on radial floating keys, so 
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that no centrifugal forces are transmitted from the 
rim to the spider arms or the hub. 

Poles (Fig. 4) are built of steel laminations compressed 
between heavy semi-circular cast steel endplates. 
They have T-form heads which engage with T-slots 


| 





Fig. 2 

















Fig. 3 


in the rotor rim and are secured in position by two- 
part taper keys. 

Field coils (Fig. 5) are edge wound, with bare 
copper strap on formers to suit the poles, and insulated 
between turns with asbestos. Insulation between pole 
and coil is provided by flexible micanite, built up 
on a strong cloth backing. Coils are hot-pressed 
during manufacture to ensure that no shrinkage takes 
place in service. 


(ec) Thrust and Guide Bearings 

In addition to carrying the weight of the generator 
rotor, the thrust bearing has to support the weight 
of the water-turbine runner and shaft, plus the 
hydraulic thrust—a total of 750 tons. Together with 
the single guide bearing, the thrust bearing is con- 
tained in an oil-tight housing, rigidly supported by 
eight deep sectioned, welded steel arms (Fig. 6). The 
runner disc, forming the actual bearing surface, is 
machined and polished to a high degree of flatness 
and a surface finish of four to eight micro-inches. 
It is bolted to the face of the thrust block. 

The runner disc bears on eight white-metalle 
pads, arranged as segments of a circle. In order to 
provide a degree of flexibility in the bearing, the 
pads are supported on short springs, 135 springs per 
pad, which are located in the thrust bearing spring 
plate. Each spring is precompressed an amount 
corresponding approximately to the load which it 
will carry in service, and secured under compression 
by a bolt and washer. This precompression limits to 
a small amount the change in the length of the 
spring between “no load” and “full load” condi- 
tions, while providing sufficient flexibility to allow 
the bearing pads to tilt slightly at starting. This 
assists in the formation of an oil film between the 
pads and the runner disc. 


The thrust bearing runs submerged in oil with 
special baffle arrangements to prevent the oil swirling. 
Oil from the bearing is circulated through coolers 
external to the generator. 








Fig. 4 





Fig. 5 
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The guide bearing is situated immediately above 
the thrust bearing, the journal being formed by the 
upper cylindrical portion of the thrust collar. The 
bearing itself is a casting, lined with white metal. 
and made in halves for ease of assembly and dis- 
mantling. Oijl is supplied from the main _ thrust 
bearing, both from the main oiling system and 
centrifugally through ducts in the thrust collar. 


(d) Braking System 
Eight pairs of hydraulic air operated brake 


cylinders are mounted on the bearing bracket arms. 
These operate on a removable brake track mounted 
on the rotor arms. The brakes are intended to be 
applied at half speed when the generator is being 
shut down, not only to reduce the time taken to come 
to rest, but also, by increasing the rate of retarda- 
tion at low speeds, to reduce the amount of wear 
that can take place in the thrust bearing during the 
last fraction revolution after the film is 
broken. 

The brakes may also be used as jacks to raise the 
rotor, so that the bearing surfaces may be flooded 
with oil when starting up the generator. This system 
also allows the rotor to be lifted in order that the 
bearing pads may be removed for inspection or 
repair. During manufacture the brakes are tested 
at 2,000 lbs. per sq. in. pressure. 


of a oil 


(e) Auxiliary Equipment 

A main exciter and a pilot exciter, which energise 
the field windings. are vertically mounted on the end 
of the generator shaft. They are so disposed that 
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their commutators are adjacent to the main gener- 
aior slip rings. This arrangement allows for accessi- 
bility and ease maintenance. <A _ platform is 
provided at the base of the main exciter. 

The governor generator (Fig. 7), supplying power 
to the electrically-driven turbine’ governor, _ is 
mounted immediately above the guide bearing. The 
permanent magnet revolving field is carried by the 
main generator shaft. the stator being housed in the 
top bracket. 


ol 


(f) Handling 
Since waterwheel generators are frequently in- 
stalled in mountainous sites with limited access. 


consideration has to be given at all stages to a con- 
struction which reduces the number of large or heavy 
pieces to a minimum. In the case of this particular 
machine, the generator shaft which, of necessity, must 
be in one piece, is the heaviest lift, and weighs 20 























tons. All other parts are well below this figure, and 
are dimensionally of such a size that they can be 
handled by normal road transport. It is a striking 
fact that an electrical generator weighing 330 tons 
complete can be broken down into such relatively 
small parts for transport. This feature is also, of 
course, of paramount importance in the actual 
manufacture of the machine, in that heavy crane lifts 
are minimised, and machine tools required, although 
large, are not necessarily special. Much work can 
also be done in parallel, thus reducing total manu- 
facturing time. 


Production Arangements 

The production of a machine of this size presents 
many problems to the Production Engineer. Manu- 
facturing information issued by the drawing office, 
covering the main machine, runs to over 750 pages: 
whilst an equal number may be issued covering orders 
for exciters, pumps, lubrication system, control gear, 
etc. Some 250 drawings, covering approximately 
3,000 different items, are involved, ranging from large 
fabrications and forgings to small nuts and _ bolts. 
Machine tools required range from a 28 ft. vertical 
boring mill to the smallest capstan lathe, and are, in 
general, standard machines. 

Such a diversity in the size of components 
necessitates the most careful planning to ensure that 
items are ready as and when required. The larger 
items take up valuable floor space and must neither 
be prepared too soon, nor held up for detail parts, if 
serious interference with the flow of work through the 
shops is to be avoided. In many instances, because 
of the special sizes, quantities or qualities of materia! 
involved, orders have to be placed well in advance 
and are, in fact. ordered before the final drawings are 
produced. As an example, 36 tons of silicon alloy 
sheet steel are required for the stator punchings, 32 
tons for the pole punchings, and 85 tons for the 
rotor rim punchings. Sixty tons of steel plate in 
varying thicknesses are needed for fabrications, while 
20 tons of copper strap are required for coils. In all 
these cases, suppliers’ estimated delivery times must 
be allowed for in addition to manufacturing and 
process times in the shops. 

The purchasing of the necessary raw materials is 
undertaken by the Purchasing Agent to dates supplied 
by the Production Department and _ specifications 
issued by the Drawing Office. The dating is effected 
in line with a production programme chart showing 
at which stage manufacture of each major item is to 
commence in order to achieve the final delivery date 
agreed with the customer. This chart is marked up 
regularly to show progress, copies being supplied to 
the foremen of departments concerned. It has been 
found by experience on large work of this nature, that 
the date for commencement of operations is of vital 
importance. Since many of the operations are of a 
lengthy character, completion dates cannot be kept 
unless the work is put in hand at the right time. 
Emphasis is therefore continually made in the 
machine shops on starting operations strictly in line 
with the chart issued. No individual variations in 
timing are countenanced, but the whole programme 


may be re-dated by the Production Engineer should, 
for instance, some vital material supply be delayed. 

It will readily be understood that this type of 
machine is designed to suit conditions at the site of 
the hydro-electric station and that therefore there is 
practically no opportunity to standardise any of the 
major parts. Each component, therefore, has its 
individual problems of handling, machining and 
erecting. Special tooling is naturally at a minimum, 
but for this particular machine some 120 tools, 
templates, jigs, gauges, etc., were made in order to 
assist production and to ensure accuracy in the 
assembly of mating parts. The majority of machining 
is done to marking-out, and is subjected to a rigorous 
inspection both during machining and on completion 
of each component. 


Manufacture of Major Items 
(a) The Stator Frame 

Fabricated in quarters, the stator frame, commonly 
called the yoke, uses 35 tons of mild steel plate and 
consists of 37 different items, 21 of which are welded 
together. The joint flanges are premachined and 
drilled prior to welding, and the core bars are rough 
machined, drilled and drawn to their dovetail shape 
before being welded in position. Some 16 burning 
templates and 4 special spacing gauges for positioning 
the core bars are required in the fabrication shops. 

Joint flanges are bolted together in pairs with 1” 
spacing liners between and welded into position in the 
fabricated quarters, quarter by quarter, until a full 
circle is obtained. At this stage, the d@yetail core 
bars, which require no further machining, are welded 
into positions correctly spaced both as to chord and 
radius. <A telescopic stand carrying an adjustable 
micrometer head is set to the centre of the yoke, the 
micrometer head being set to the*required radius of 
the inside of the core bars. The core bars at the yoke 
joints, which are in fact in halves vertically, are 
positioned first, being set.true with the aid of a 
square, the micrometer head and a chordal gauge to 
pitch a quarter circle, which is the equivalent of an 
18 bar pitch. Having established the position of the 
joint bars, the mid-quarter bars, 9 pitches apart, are 
set and welded in using similar methods. The inter- 
mediate pitches are then proceeded with until all 
the core bars are welded in, the final accuracy 
achieved overall being + .015”. 

The yoke, having been split into quarters after an 
inspection check, is now ready for machining. This 
is reduced to a minimum by the barring method 
described and consists of the planing of the location 
pads on the top and bottom faces on a 10 ft. planer 
to datum lines marked in the fabrication shop, and a 
certain amount of drilling under 10 ft. radial arm 
drills. After the usual inspection check, the quarters 
proceed to the core building shop which is adjacent 
to the heavy machine shop. 

Still working in quarters, the bottom endplate 
segments are bolted to the yoke and the core lamina- 
tions built on the dovetail core bars. Each successive 
layer of punchings is overlapped, using half punchings 
at the ends of each quarter in such a way that a true 
face is built up at the joints. As building proceeds, 
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the core is pressed every 10” in depth by hand or 
hydraulic clamps until the correct consolidated core 
length is obtained. The top endplate segments are 
fitted and the core finally tightened up between the 
top and bottom endplates, using torque spanners to 
avoid overstressing or under-tightening the bolts. 

Having checked the core slots for accuracy of size 
and removed any projections, either in the slots or at 
the joint faces, the yoke is assembled in a full circle 
but without the spacers between the joint flanges. 
This allows the core laminations to butt and ensures 
a sound joint without distorting the stator frame. The 
bore is checked for size and concentricity and the 
joint plates drilled and reamed for dowels in radial 
and axial positions. 

At this stage it is convenient to check the assembly 
of the top bracket which will support the exciter 
yokes and platforms prior to splitting the yoke again 
into quarters preparatory to winding (Fig. 8.) 

The stator coils, which have been in process of 
manufacture in parallel with the frame, are of the 
two-layer, diamond coil type, vacuum gum-impreg- 
nated, and are assembled directly into the open slots 
of the core. Coil joints are clipped and soldered, 

















insulated to the required standard and the whole 
winding wedged, connected and braced before being 
finally pressure tested. The coils passing over the 
joints are omitted if the machine is not to be tested 
in the works or if the complete stator is too heavy or 
awkward to lift conveniently, in which case they are 
wound in when the stator is assembled on test or on 
site. 


(b) The Spider Hub 


The cast steel rotor hub, weighing 12 tons, is a 
straightforward machining item on a vertical boring 
machine. Dimensions have to be maintained to fine 
limits to provide the necessary press fits on the shaft 
and the correct spider arm locations. It is normal 
practice to machine the hub before the shaft in 
order to avoid risk of scrapping, either due to an 
oversize or taper bore in the hub. The casting is 
pickled and crack detected before any machining 
work is done, any welding repairs being carried out 
to the satisfaction of the Research and Inspection 
Departments. 

(ec) The Spider Arms 

The eight arms (one of which is shown in Fig.9) 
are fabricated from 26 tons of mild steel plate and 
are made up of 27 flame cut items. They 
present many machining problems both in setting 
and measuring. They are set up on a 28 ft. 
vertical boring mill in equally spaced and correct 
radial positions using temporarily welded brackets 
and a variety of setting blocks to secure adequate 
clamping. Some idea of this task can be visualised 
from the dimensions of the set-up: inside diameter 
57”; outside diameter 257”; and overall height 66”. 
The arms are bored and faced for hub location and 
the ouiside diameter turned and faced to provide 
an accurate location for the laminated rotor rim. 
The accurate measurement of the large diameters 
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divided into eight separate parts calls for 
special care. A post or bush set true in the 
centre of the mill table is used in conjunction with 
a straight edge clamped to one vertical column set 
to a pre-determined radius. All setting and measuring 
is done with the close cooperation of the Inspection 
Department, as an error at this stage would cause 
serious trouble when assembling and building the 
rotor. 

After machining the brake-track seating, the arms 
are marked out for the hub securing holes and indi- 
vidually drilled under a large radial arm drilling 
machine, leaving an allowance in for final taper 
reaming after assembly to the hub. By this time the 
two clamping rings have been machined and rough 
drilled. They are clamped to the hub with temporary 
bolts. This sub-assembly is then mounted in such a 
way that the spider arms can be offered up to it and 
also clamped to the rings by temporary bolts. 
The whole assembly is now lifted to a 10 ft. radial 
arm drill where it is inspected to ensure that there has 
been no relative movement of hub, rings and arms, 
before taper reaming is carried out. Each 
hole is reamed (Fig. 10) to suit a 2%;” taper shank 
bolt, and each hole is fitted with its bolt before 
proceeding with a further hole. The temporary bolts 
are replaced as the work proceeds. 

Having completed one side, the whole assembly has 
to be turned over, involving most exacting slinging 
and crane work. to enable the reverse side to be 
fitted with its taper bolts (Figs. 11 and 12). 

The vertical keyways in the arms are now marked 
out and machined on a large horizontal boring mill, 
while various detail drilling operations are carried out 
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so far as possible at the same time, using a portable 
drill. This completes the rotor spider which is passed 
to the core building shop for assembly of the lamin- 
ated rotor rim. 


(d) The Rotor Assembly 


The completed rotor spider is set up on suitable 
packings so that the brake-track segments, which act 
also as a bottom endplate, can be secured to the 
lower face of the arms. Packings are placed under the 
brake-track segments to prevent undue distortion 
during pressing operations, and the lower end- 
plate segments positioned. The driving centre 
keys are secured to the arms and the rim _ bolts 
assembled, the inner row being secured to the 
brake-track. Several layers of punchings are 
now built up, conforming to a_ definite 
sequence in order to stagger the joints between layers. 
After a check to ensure that the punchings are 
building correctly, the side keys are fitted against 
the centre driving keys and pole slot building bars 
inserted in the pole slots, so that as building proceeds, 
pole slots are produced having smooth and regular 
faces. The rim is pressed every six or eight inches 
and final tightening is carried out between the end- 
plate segments to a pre-determined figure. Some 480 












Fig. 11 


























Fig. 12 


core bolts have to be pulled down, ensuring that the 
friction between punching layers will be sufficient to 
avoid slip even at run-away speeds, but without 
overstressing any of the bolts. 

The temporary bolts holding the three parts of the 
driving keys are removed and the side keys driven 
home. The pole slot building bars are taken out, 
poles and coils assembled into the slots and the taper 
retaining keys fitted to position. Blower segments, 
damper winding connections and connections to 
collector are fitted, completing the rotor for its 
assembly on test. 

(e) The Main Shaft 

This forging, weighing 15 tons, is handled in a large 
centre lathe capable of swinging its 45” flange and 
taking 17 ft. between centres. Accurate machining is 
necessary to ensure correct interference fits with 
mating parts, and the positioning of keyways in 
relation to the coupling face is of great importance. 

The shaft is first rough turned, leaving a nominal 
allowance of approximately ,1)” on all dimensions. 
Two keyways for the spider hub, 6” wide, 14” deep 
and 60” long, are rough milled and the coupling 
bolt holes rough drilled. The removal of such a 


volume of metal causes slight distortion of the shaft, 
which is corrected during the later finish turning 
operations. Final milling of the keyway and detail 
drilling operations complete the shaft, except for the 
reaming of the coupling holes. 

At this stage, the shaft is bolted to the turbine 
extension shaft, which is provided for the purpose by 
the turbine maker, by means of temporary bolts 
through the rough drilled coupling holes. The com- 
bined shafts are mounted in the lathe and very care- 
ful setting of both shafts for alignment and _ for 
concentricity is carried out. By means of special 
boring gear developed for the job, each coupling hole 
is fine bored to 34” diameter and close tolerance bolts 
fitted. Each hole in turn has its temporary bolt 
removed, and the permanent fitted bolt inserted be- 
fore proceeding to the next hole. Extreme care is 
taken to ensure a first-class finish in the coupling 
bolt holes and each bolt is stamped to its correspond- 
ing hole. 


(f) Thrust Block 

A steel casting weighing 11 tons, 72” diameter and 
46” high, is used for the thrust block. Here again, 
accurate machining is of the utmost importance as 
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Fig. 13 


the block is seated on the generator shaft and carries 
both the thrust bearing runner disc and the guide 
bearing sleeve. Turning and boring are carried out 
in two stages on a vertical boring mill. At the first 
stage, the block is rough turned all over and the 
guide bearing seating and runner disc face are finish 
machined, drilled and tapped. 

After assembly of the guide bearing sleeve, which 
is shrunk on to the block, and the runner disc, (both 
forged steel items which have been previously 
machined), drilling for oil holes, dowels, etc., is 
carried out, followed by planing the two keyways. 
The assembly is then returned to the boring mill for 
the second stage, final machining. The bore, the 
guide bearing journal and the thrust face are all 
machined at one setting in order to guarantee con- 
centricity and truth. Finally the guide bearing 
journal is polished, but the runner disc is removed 
from the thrust block and independently polished on 
another mill. (Fig. 13). 


(¢) The Runner Disc 


The running face of the thrust bearing consists of 
a steel disc 72” in diameter, 44” thick and 34” bore. 
After rough machining and drilling, the disc is 
secured to the thrust block and finish turned in 
position as already described. It is then removed from 
the block and truly mounted on an accurate vertical 
boring mill, where a light cut of a few thousandths of 
an inch is taken off the running face, obtaining the 
best possible tooled finish. The tool box is then 
replaced by an oscillating, independently driven head 
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carrying a cast-iron lap charged with lapping com- 
pound and flexibly mounted. The lap is of such a 
diameter that the annular face of the disc is covered 
at any position of the head during oscillation. Surface 
speeds of 50 ft. to 80 ft. per minute and approxi- 
mately 16 oscillations per minute are used. 

The lap is cleaned and recharged and the work 
piece washed down with paraffin after every three or 
four hours’ working, the grit size being reduced as 
the tool marks disappear. A lead faced lap and fine 
grit is used to obtain a smooth and polished finish and 
this is followed by a final polish with a high speed 
mop. 

Measurement of the surface finish is achieved by 
using plastic replicas in conjunction with a Talysurf 
measuring machine. Dimensional accuracy is checked 
by a 1/10 thousandth indicator clock and a master 
straight edge. Details of the lapping operation are as 
follows :- 


Cast Iron lap 180 grit paste 25 hrs 
es eae te — 30 
Lead Face ,. . Joe 8 
99 ie nas 500, - 8 
High Speed Mop emery soap 4 


Dimensional error, radial and tangential : .0003” max. 
Surface finish : 6 micro-inches (average). 

This particular disc was checked using _inter- 
ferometer methods, and the figures were confirmed in 
every respect. 

The surface area of the disc is 3,170 sq. ins. The 
overall time of 100 hrs. for machining and lapping is, 
therefore, less than two minutes per sq. in. of area. 




















(h) Bearing Pads (Fig. 14) 

Constructed from mild steel plate to form a circle 
724” outside diameter, 34” inside diameter, in eight 
segments. They are rough machined all over and 
various milling and drilling operations carried out 
before white-metalling. 

In order to ensure complete adhesion between the 
metals, the segments are degreased and acid-treated 
immediately before tinning and babbitting. An extra 
segment is made with each batch of pads, and this 
segment, after receiving the same treatment as the 
others, is tested for adhesion by hammer and chisel 
and supersonically before the batch is released for 
further operations. 

Owing to the difference in physical properties 
between the steel and the babbitt, extreme care has 
to be taken in final machining, as the removal of an 
excess of metal from one face would cause the other 
to distort. At least two cuts off each face are found 
necessary to produce the required accuracy. Varia- 
tions in thickness and flatness do not exceed .0005”, 
and the surface finish of the babbitt is of the highest 
order. No scraping is permitted and caution has to 
be exercised in the handling of the segments, as the 
slightest damage would entail many hours of rectifica- 
tion work. 


(j) Bearing Support Springs 


The springs are manufactured from high quality 
spring steel, accurately formed, with the ends ground 


Fig. 
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square to the axis and to fairly close limits in length. 
They are assembled between the two endplates in an 
air-operated fixture, the air pressure being controlled 
to give the required degree of pre-compression. The 
spring is held to length by a tap-bolt through the 
endplates. The length over the endplates is most 
important and is obtained by machining in a lathe, 
using a suitable fixture. By this means all spring 
assemblies are of the same length and have identical 
pre-compression, thereby ensuring that they share 
equally the load of 750 tons imposed on them 
(Fig. 15). 


(k) 

This is a major fabrication (Fig. 16) consisting of 
36 different items welded together and requires some 
20 tons of steel plate. It contains the thrust support 
face, the main oil well and supports for the bottom 
bracket arms. All welds connected with the oil 
chamber are fully leak-tested, for which provision ts 
made in the design. 


The Bearing Housing 


The general dimensions are 12 ft. diameter and 
4 ft high. A 16 ft. vertical boring mill is used for 
boring and facing operations, and here dimensional 
accuracy is again important as the build-up of 
the whole machine starts with the bearing housing 
as the datum line. There is much detail drilling 
on all the faces for the bracket arms, the pipework, 
bearing access covers, etc., calling for many hours 
work marking-out, radial arm and portable drilling. 


























(1) Bottom Bracket Arms 

The bearing housing is carried on eight fabricated 
steel arms 96” long and 62” high. These arms “hook” 
under the housing and bear against the outside dia- 
meter. They are each secured by eight 2” bolts 
although by design the bolts carry no weight. Each 
arm Carries on its upper side a facing for the double 
brake cylinders. 

A machining set-up similar to that described for the 
rotor spider arms is used, the arms being set on radial 
lines and bored and faced at one setting. Drilling 
is done to marking-out and is performed by large 
radial arm and portable machines. 


(m) Details 

Some of the smaller items are of considerable 
magnitude from the man-hour content point of view. 
The half-round pole end pieces, of which there are 72 
on this machine, require 15 operations on 7 different 
machine tools before they are ready for assembly to 
the pole laminations. 


a 
er 
f 
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lhe pole retaining keys. 144 in number, are 56” 
long and have to be milled all over, including a 1 in 
50 taper. They are matched in pairs, one being black 
steel and the other chrome-molybdenum steel. <A 
special long table milling machine is required for this 
purpose and cutter wear on the chrome-molybdenum 
keys is heavy. 

The brake cylinders and pistons are items that 
require special attention because of the accuracy and 
finish demanded on such vital parts. The cylinders 
were originally called for as castings, but severe 
trouble with leaks necessitated a change in design to 
fabrication. 

The quantities of special taper and fitted bolts. 
core-building studs, dowels, etc., require careful atten- 
tion in the machine shops if manufacture of the 
complete machine is not to be held up. It is surprising 
how often such parts cause more risk of delay than the 
larger and perhaps more obvious items. 

A very considerable quantity of air, oil and water 
pipework, although constructed whenever possible of 
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standard bends and flanges, has to be programmed to 
meet the various sub-assembly stages, and takes two 
pipe fitters about six weeks to fit, apart from the 
actual manufacturing time. 


Assembly 


A machine of this character is normally fully 
erected and tested at the manufacturer’s works in 
order to minimise the time taken to get the machine 
into commission after delivery to site; to discover 
unsuspected snags, and to carry out electrical running 
tests which may either be inconvenient or impossible 
on site. The maintenance of a strict assembly and test 
programme becomes of vital importance when one 
considers the large areas of shop floor taken up with 
the sub and main assemblies of such large machines. 

The main erection procedure follows the following 
general outline :- 

The general shaft is placed in position with its 
coupling flange suitably supported on the floor of a 
special test pit. The thrust bearing housing with its 
eight bottom bracket arms is then lowered over the 
shaft on to heavy sole plates positioned to receive it. 

The spring plate, spring assemblies and bearing 
pads are assembled in the bearing housing, at which 
stage the shaft is lifted up to a position several inches 
higher than normal and packed up from the bottom 
of the pit. 

The thrust block assembly is now lowered on to the 
shaft and pressed home into position on its seating 
by means of special forcing tackle made for the job, 
and which will accompany it to site. After retaining 
keys have been fitted, the guide bearing, brake cylin- 
ders and all associated pipework are assembled and 
checked. 
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The assembly is now ready to receive the rotor 
spider hub, which is pressed on to the shaft and 
keyed, using methods similar to those employed in 
mounting the thrust block. The shaft is then lowered 
to give approximately }” clearance between the thrust 
face and the bearing pads. 

The rotating field assembly, comprising the eight 
spider arms with securing rings, the laminated rim 
and its poles and field coils is lifted as a complete 
unit and lowered on to the rotor hub (Fig. 17). This 
is the biggest single lift made during the assembly 
operation and is determined by the lifting capacity 
available. The weight could have been reduced by 
waiting until the rotor was in position before assem- 
bling the poles and coils. Fitting the taper bolts 
securing the clamp rings to the rotor hub completes 
the rotor assembly. 

The stator, (shown in progress, Fig. 18) which 
has been assembled into a full circle and the coils 
covering the four joints wound in and connected, 
is lowered over the rotating field and secured to 
suitable sole plates which have been pre-positioned 
and clamped down. The _ position of the 
stator is adjusted to give an equal air gap around the 
rotor and it is then heavily braced with timbers to 
ensure maximum rigidity. 

The top shaft assembly carrying the governor 
generator rotor and exciters, armatures, etc., is set 
true and coupled to the main shaft after which the 
assembly of the top gear proceeds. Exciter fields, 
governor generator stator, platforms, covers and 
supports are fitted, followed by the coolers, pipework, 
oil tanks and pumps. During this time, all the 
necessary electrical connections both on and to the 
machine are being made. 























Finally the rotor is lifted by the brake blocks, acting 
as jacks, the shaft packings removed, the bearings 
cleaned by flooding with oil, the oiling system 
checked for pressure and quantities and the machine 
is ready for running. 

Testing 

The major tests carried out on this machine in 
order to establish that it met all guarantees were :— 

Determination of efficiency; 

Determination of voltage regulation; 

Determination of temperature rise under full load 
conditions including measurement of air volume and 
pressu re, 

An overspeed test at 350 r.p.m. (110°/,) for one 
minute ; 

Oscillograph records of three-phase sudden short 
circuit at 5,500 volts, line to line wave form at 11 kV, 
and line to neutral wave form at 11 kV; 

Retardation test; 

Insulation and pressure tests under hot conditions; 

Brake-jack tests including oil pressure to lift rotor, 
air pressure to operate brakes and the actual brake 
performance. 

It is not proposed to deal in detail with the 
methods of carrying out these tests, but it is worth 
mentioning that very considerable test capacity is 
required, and some ingenuity in using outside power 
supplies in conjunction with the motor generator sets 
and reactor equipment normally carried on a large 
electrical test-bed is called for. 

Efficiency is checked by measurement of friction 
and windage losses, iron loss and copper loss. For 
this purpose the machine is run synchronously as a 
motor at unity power factor, being supplied from a 
test motor-generator set. 

The most involved test to carry out is the 
measurement of temperature rise under full load con- 
ditions. It will be readily understood that it is 
impossible to test a 33.300 kVA machine under actual 
full load, but a method exists of simulating full load 
conditions using a wattless load. Even then a con- 
siderable amount of special plant is required. By 
this method the stator is loaded with full load current 
at full voltage, but at zero power factor. No power is 
actually consumed other than that required to supply 


the losses. The plant involved in this test consisted 
of a 6,000 kVA MG. set, a 10,000 kVA MG. set, 
a 3,000 kVA transformer and two 20,000 kVA 
reactors. 

The overspeed run is probably the most difficult 
test to undertake. A 100-cycle alternator was used in 
conjunction with two existing D.C. machines to form a 
motor generator set. Power was taken direct from the 
substation by two feeders, to the A.C. side of the two 
test M.G. sets which were connected to the two D.C. 
machines of the 100-cycle M.G. set. A total input of 
3.700 kW was required. This factor, apart from the 
inherent danger of such an overspeed run, necessitated 
the test being done outside normal working hours. All 
personnel, instruments and controls required to con- 
duct the test were housed in an underground chamber 
to minimise risk in the event of any unforeseen 
structural failure in the machine. 


Dismantling and Shipping 

After all adjustments have been made and tests 
carried out to the satisfaction of customer’s engineers, 
the machine is dismantled into its component parts for 
shipment. As this proceeds, all parts are carefully 
stamped and marked to facilitate erection on site. 
Each part is cleaned and painted, all machined 
surfaces being protected with a special rust preventa- 
tive, and passed to the shipping section after a final 
inspection. Here every item is checked against a 
shipping list before being packed into crates which 
have previously been ordered for this purpose. 

The packing and shipping of such a large machine 
is a complex undertaking. The question of the 
suitability of road and rail transport, the handling 
facilities at the ports concerned, the sequence of 
shipments and the adequacy of protection have all 
to be taken into account, and frequently have an 
effect on the initial design of the machine. 

Perhaps one of the most striking features in the 
manufacture of large waterwheel generators is the 
absolute necessity for the closest cooperation between 
the Production Engineers concerned and the engin- 
eering department responsible for the design of the 
machine—a cooperation which, in the case of the 
generator described, was of the highest order. 








B.IL.M. CONFERENCE 


The B.I.M. Annual Conference takes place this 
year at Harrogate, from 11th to 14th November. 
The Institution of Production Engineers, together 
with the Institute of Engineering Inspection, has 
been invited to take part in one of the main Sessions, 
dealing with “Quality Management”. The Insti- 
tution’s representative on this occasion will be Mr. 
S. W. Nixon, Member, Chief Inspector of the Rover 
to. Ltd. Mr. Nixon is a member of the Research 
Committee and of the Materials Utilisation Sub- 
Committee. 


BRITISH STANDARDS 
The following Standards have recently been issued 
and may be obtained, post free, at the prices stated 


from the British Standards Institution, British 
Standards House, 2, Park Street, London, W.1 :— 
B.S.1660 Part 2: 1953. Cotter Slots (4/-). 
B.S.1660 Part 3: 1953. Quick-Release Tapers 
(4/-). 
B.S.2009: 1953. Acceptance Tests for Turbo- 
Type Compressors and Ex- 
hausters (10/-). 
B.S.2012: 1953. Mould Die Sets for Injection 
Moulding Machines (2/6d.). 


ISSUE OF JOURNAL 
Owing to the fact that output has to be adjusted 
to meet requirements, and in order to avoid carrying 
heavy stocks, it has been decided that the Journal 
will only be issued to new Members from the date 
they join the Institution. 
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PART I 


HIS Paper is divided into two parts and covers 

my study project carried out on the Continent 
from June to December, 1952. The first section deals 
with the first two months, which were spent at the 
Brown Boveri Company in Baden, Switzerland. 

During my stay with this Company I was attached 
to the department known as the “Factory Study 
Bureau ”, whose chief function can best be described 
as * Production Rationalisation”. Working in this 
department of a vast organisation provided an excel- 
lent opportunity for studying many interesting aspects 
of production, ranging from factory layout to the 
carrying out of aptitude tests on blind workers. 

I have, however, singled out the production of 
fractional horsepower electric motors as the subject 
of the Paper, because the Motor Factory is claimed 
to be the most modern and efficient of its kind in 
Europe. 
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A few words of introduction are included con- 
cerning the development of Brown Boveri, to help to 
put the Motor Factory into perspective with relation 
to the rest of the Company. 

Brown Boveri Company was founded in 1891 by 
Charles Brown and Walter Boveri at Baden. Brown, 
the son of an English mechanical engineer, was born 
in 1863 at Winterhur, where he studied electrical 
engineering, and in 1884 he joined his father at the 
great Oerlikon Works in Ziirich. Walter Boveri, who 
was two years younger than Charles Brown, was the 
youngest son of a doctor. After completing his 
studies in mechanical engineering at Neunberg, he too 
joined the Oerlikon Company. When the B.B. Co. 
factory was founded, it consisted of three workshops 
and a collection of converted dwellings. many of 
which are still in use today. During its sixty years of 
development it has grown from a small undertaking 

















employing some 148 persons, into a world organisa- 
tion having a staff of more than 40,000. Of this 
total some 8,000 are working in Baden. The present 
factory site covers an area of more than one million 
square feet, bounded by steeply rising hills on the 
West and the main railway line between Ziirich and 
Basle on the East. The enormous scope of the manu- 
facturing organisation has resulted in the dividing up 
of the Company into seven factories. In the main, 
these factories are classified according to the articles 
they produce and are all managed at top level by 
one General Factory Director, who shares parallel 
responsibility with four other managers. namely : the 
Directors for thermo-dynamic techniques, electrical 
techniques, commercial affairs and general adminis- 
tration. 

A brief idea of the enormous scope of the manu- 
facturing programme can be gained from a selected 
few of the firm’s technical developments. 

In 1897 a generator for the supply of electricity 
was constructed which delivered 8,000 volts. This was 
the highest tension generator built up to that time. 
Four years later, the first steam turbine on the Con- 
tinent and the largest of its kind in the world was 
manufactured at Baden. With the increasing demand 
for electrical energy, the Company began to expand 
rapidly and produced almost every type of equipment 
used in power generation and transmission. In 1933 
Brown Boveri brought out their patent compressed 
air operated circuit breakers for 13,000 volts. which 
are now one of the Company’s standard line products. 
By 1935 the demand for small electric motors was 
considerable, especially by machine tool companies. 
and the production of these was undertaken in Basle. 
As early as 1937, gas turbine compressors had been 
constructed and in 1949 the Company produced a 
gas turbine power unit for British Railways. In 1951 
a 31 MeV Betatron was built for the Canton Hospital 
in Ziirich. The highlight of 1952 was the production 
of a steam turbine driven generator having an output 
of 110,000 kW. the largest ever made in the Baden 
factory. 

Spectacular though these achievements may be 
compared with the manufacture of small electric 
motors, the visitor cannot help being impressed by the 
design, layout and organisation of the new Motor 
Factory, and the liquid-like manner in which these 
motors flow off the production line. 


The New Motor Factory 


This factory was built to meet the demands for 
increased production. The original factory in Basle 
was, therefore, used as a starting point for the Study 
Group whose responsibility it was to lay down all the 
requirements of the new plant. It is significant that 
the plans were formulated in great detail before the 
new factory was completed, to the extent that the 
whole of the organisation and production principles 
were established before production was due _ to 
commence. 

The electric motor factory employs nearly 500 
persons and is largely independent of the rest of the 
Company except for the functions of Sales, Product 
Design and General Management, so the situation of 


the factory within the organisation of B.B Co. 
corresponds to that found in most large companies. 
The manufacturing programme embraces electric 
motors and generators ranging in capacity from 100 
watts up to 150 kW and this range is divided into 
the following product groups : 

(1) Alternating current motors from 100 watts 

up to 7.4 kW. 
Alternating current motors and generators 
from 1 kW up to 100 kW. 

(3) Direct current, commutator motors, rotary 
converters, generators and traction motors 
ranging in capacity from 0.5 to 150 kW. 

The factory consists of two principal sections 
referred to as the B.F.1 and B.F.2. The B.F.1 factory 
manufactures only the motors in group (1), that is 
AC motors of the induction type up to 7.4 kW, while 
the remaining ranges are manufactured in the B.F.2. 
This division between the B.F.1 and B.F.2 is based on 
batch sizes. The greatest demand is for small standard 
type AC motors which, because of the number re- 
quired, lends itself to large batch production methods 
for which the B.F.1 is designed. The B.F.1 plant has 
an annual capacity of 60,000 motors in more than 48 
sizes and types, and the B.F.2 plant can produce 
between 14,000 and 15,000 motors of an even greater 
variety. This capacity is more than twice that of the 
old Basle factory. 

When the factory was designed, no special attention 
was paid to the product to be manufactured. The 
main consideration was to set up a building with all 
necessary amenities, which could be utilised to the 
best advantage irrespective of the type of goods to be 
produced. 

The general arrangement of the new building is 
shown in Fig. 1. The factory is made up of three 
large bays each measuring 58 ft. x 412 ft. and along 
the south side there is a three-storey block 58 ft. wide 
with two tower-like structures which accommodate 
the stairways and goods lifts. The general structure 
is of steel with reinforced concrete floors and walls. 
The floors in the high building have a loading 
capacity of 3 tons per square yard. The bays are 
freed from obstructing columns by the 58 ft. roof 
spans and the sawtooth roofing fitted with Thermolux 
glass, together with the large expanse of windows, 
give excellent lighting conditions. The lighting is 
augmented by white fluorescent tubing, and the 
factory is ventilated and heated by convector heaters 
fitted on the roof supports. 

Accommodation for the Administrative Depart- 
ments is unique. Between the ground floor and the 
first storey, there is a lightweight flooring extending 
from the east end of the building to the centre stair- 
way. The offices are partitioned off by metal frame- 
works and oak panels which are of a temporary 
nature, to permit easy alteration which circumstances 
may demand. The space below the lightweight 
flooring, which has a 10 foot headroom, is used as a 
Finished Parts Stores. 

The east wing of the building is not used for motor 
production but the basement houses the toilets, cloak- 
rooms, power transformers. switch gear and other 
services. The distribution system for the factory 


(2 


— 


507 


















3 BAYS 58FT. X 412 FT. 


EAST WING USED FOR 
SMALL TURBINE PRODUCTION 

















3 LIFTS & STAIRWAYS 








INTERMEDIATE FLOOR 
SUPPORTS OFFICES 










CELLAR UNDER EAST WING 
HOUSES TOILETS & FACTORY SERVICES 


Fig. 1. Arrangement of new Factory 


services of electricity, compressed air, water and gas, 
feeds main arteries which run longitudinally under 
the floor following the line of the girders supporting 
the roof spans. Main distributor boxes are mounted 
on these girders and transverse canals in the floor 
carry the services to the machines and installations. 

These canals are covered with removable steel plates 
fitting flush with the wood-block flooring. This makes 
it possible for almost all wiring and piping to be kept 
out of sight and yet it is easily accessible for alteration 
or maintenance. 

The factory railway line which runs through the 
new building, enters at the south-west corner through 
a 15 ft. square doorway. The detailed planning in- 
volved in setting up this factory is a typical example 
of the procedure used by B. B. Co. in planning all 
their layouts, and although they may seem over- 
elaborate, the results appear to justify the expense. 
The planning is divided into four main stages. The 
production methods are firstly established in principle 
with reference to design for production and the plant 
and equipment which is to be installed. A block plan 
is then drawn up to a scale of 1/500. This represents 
the basic floor layout from which a further plan, 
worked out in greater detail, shows the arrangement 
of machines, work places, and material storage space. 
A three-dimensional model is then made to a scale 
of 1/50. The floor of the model factory is of Plexi- 
glass, which makes visible the distribution system of 
power, air, water and gas under the floor painted on 
the baseboard of the model. Much of the detailed 
work connected with these models is undertaken in 
their spare time by factory workers who receive some 
remuneration for making up the models of machines. 
etc. Time-consuming and expensive though these 
models are, they do present the proposed layout in a 
most realistic manner, and can bring to light weak- 
nesses in the plan which otherwise might not be 
recognised until it is too late. 


The Study Group, in addition to their responsibility 
for the general specifications of the factory, also had 
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to solve the problem of planning the organisation of a 
flow-line which would be sufficiently elastic to cope 
with the demands of the Sales Department for an 
annual production of 60,000 motors. It was agreed 
between the Sales Department and the Factory that 
the time required to execute an order for a motor 
should be established as eight weeks. This was based 
on sales figures for 1947 but has since been further 
reduced to six weeks. This period of time does not 
affect the delivery date to customers, for a minimum 
stock of motor parts ensures the complete execution of 
an order within six to eight days. The necessity for 
holding a buffer stock was one of the main factors 
in planning the flow-line. To reduce double handling 
of parts, buffer stores were set up between the 
machine line and the assembly line. These stocks of 
castings in particular are rather large, being 50°/, of 
the current programme. This buffer stock of castings 
is large because B. B. Co. has no foundry and they 
are held to cover delays from the suppliers. 


The Principle of Flow-line Motor Production in 


The manufacture is divided into the following basic 
sections :- 


(1) Production of the shaft and rotor; 

(2) Machining of the stator housing and end covers; 
(3) Assembly of the windings into the stator; 

(4) Final assembly of the motor. 


Even though the range of motor sizes is fairly 
extensive, there being more than thirty standard 
varieties, the manufacture of the shaft, rotor, stator 
and end covers all have a relatively uniform produc- 
tion time. The greatest differences in manufacturing 
time are found in the assembly of the stator windings, 
which vary from the smallest to the largest motor 
in the ratio of one to eight. 


The flow-line of the B.F.1 is represented diagram- 
atically in Fig. 2. Raw material enters the factory 
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Fig. 2. Flow hne of the B.F.1 








by rail at the west end of the bulding, where it is 
stored in four groups, round bars for shafts, magnetic 
iron sheet for laminations, frame castings and motor 
end covers. The seven stages of production of the 
motors will now be described in some detail. 
(1) The Motor Shafts 

These are made from low-carbon mild steel bars 
which are fed to an hydraulically operated cut-off 
saw which cuts to length four bars at a time. The 
machine cycle is fully automatic, it being necessary 
only to feed new bars to the machine. As the 
material is cut, the shaft blanks are placed on five-tier 
wheeled racks which are used universally throughout 
the factory, not only for storing the work during the 
operating, but also for transporting it through the 
works. The sawn blanks are then centred each end in 
preparation for the turning operation, which is carried 
out on the two George Fischer hydraulic copying 
lathes shown in Fig. 3. The machines are semi- 
automatic and are arranged facing one another so 
that they can be attended by one operator. One 
machine is set to turn four diameters on the front end 
of the shaft, while the second machine is set up to 
turn the opposite end. The two machines are used 
to avoid changing the profile plate which controls the 
cutting tool. Originally the shafts were centre turned, 
but the new method of profile turning has reduced 
the machining time by as much as twenty minutes. 
The turned shafts are then ground between centres. 
The final machining operation is the milling of the 
keyway in the driving end of the shaft. Fig. 4 shows 
how the operation of milling and drilling is combined 
by using a specially designed machine which handles 
six shafts simultaneously. The completed shafts are 
now ready to be pressed into the rotors. 


(2) Production of Rotor and Stator Lamina- 
tions 


The laminations are blanked from magnetic iron 
sheet which is pre-cut to suit the guide ways of a 





Fig. 3 
Turning of Motor Shafts 





: i Fig. 4 
conventional pierce and blank follow-on tool mounted Milling Keyway in Motor Shafts 
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Fig. 5 
Blanking Rotor and Stator Laminations 


in a 120 ton press. The press is equipped with a 
pneumatically operated automatic  stack-feeding 
device. This mechanism is fitted at the feeding side 
of the press and transfers the top strip of material 
from a stack to the power driven feed rollers. These 
are set to advance the material through the tool, the 
exact pitch being controlled by six pilot punches. 
Fig. 5 shows how the rotor and stator blanks are 
collected from beneath the machine. The press runs 
at fifty-eight strokes per minute, and a stator and 
rotor blank are produced at each stroke. Since the 
tool is not a compound type punch and die, the blanks 
and piercings fall through the die aperture. The 
laminations are blanked paper side uppermost, and 
fall onto the moving canvas belts, which carry them 
up to two pairs of driven rollers and, the lower one 
being of carborundum, any burrs on the blanks are 
removed. The finished blanks are then stacked auto- 
matically on long rods mounted on small wheeled 
bogies, used to transport the work to the next opera- 
tion. 

The scrap piercings are removed from beneath the 
press by a miniature bucket conveyor which carries 
them away and tips them into a large swarf bin, 
while the remaining scrap from the strip is cut into 
short lengths by a cropping blade as it leaves the 
press. 


(3) Manufacture of Rotors 

The first step is the preparation of the rotor lamina- 
tions. The quantity required is determined by weight. 
The rotor body is die cast in an aluminium alloy using 
a Cold Chamber Machine. The required stock of 
laminations is mounted on a dummy shaft which is in 
effect an insert for the die casting tool. The alumin- 
ium fills up. the slots in the. laminations forming the 
conductors, and the motor cooling fans are cast 
integrally at each end of the rotor. When the sprue 
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and dummy shaft have been removed. the rotor 1s 
ready to be pressed on to the motor shaft. The out- 
side diameter of the rotor is then lightly machined to 
ensure concentricity with the shaft. Originally the 
rotors were turned and ground but the life of the 
wheels was short owing to the clogging caused by 
grinding the aluminium, and turning alone did not 
give the necessary accuracy of finish. These diff- 
culties were overcome by using an American rotary 
shaving machine shown in Fig. 6. In this method. the 
work rotates slowly between centres while the multi- 
tooth cutter rotates in a counter direction. The axis 
of the cutter is at an angle to the rotor which passes 
longitudinally under the cutter. This new method not 
only gives a very satisfactory finish, but also reduces 
the machining time by ten minutes per rotor. 





Fig. 6 
Rotary Shaving of Rotor 


The final operation and one of the most important 
is the balancing of the finished rotor shown in Fig. 7. 
The earlier method used for dynamic balancing em- 
ployed a swinging frame machine in which the work 





Fig. 7 
Balancing the Rotor 














was mounted between centres, one of which was 
driven. Correction of the unbalanced rotor was made 
by marking the heavy side with a pencil and lighten- 
ing by drilling holes in the rotor ends. In the new 
machine, the journals of the rotor shaft rest in half 
bearings. These bearings oscillate when vibrated by 
the unbalanced rotor which is driven round by a light 
belt as shown. The oscillations set up in the bearings 
are transferred to a stroboscopic lamp which shines 
on a ring of numbers cast in an annular slot in the 
ends of the rotor. The number which becomes visible 
during rotation under the stroboscopic lamp indicates 
the lightest point of the rotor, and correction for out 
of balance is made by inserting a small metal slug 
of known weight in the die-cast slot and securing it 
with a punch. Not only is this method extremely 
rapid and easy to operate but a very high degree of 
accuracy is obtainable, the centre of gravity of the 
finished rotor being within 0.001 mm. (approx. 
0.00004’). 

Finally the ball races are fitted to the shaft, the 
finished assembly wrapped in protective waxed paper 
and transported to the assembly area on wheeled 
racks. 


(4) Machining of the Motor and Covers 

From a single storey structure on which the end 
cover castings are stored at the beginning of the 
production line, a labourer hangs the castings on the 
chain conveyor built at a height of 10 feet above floor 
level. This conveyor, part of which can be seen in 
Fig. 8, has a length of 116 feet. The conveyor system 
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Fig. 8 
Conveyor and Paint Dipping Booth 


comprises two parallel but independent chains, one 


for transporting the end covers as seen on the right of 


the illustration, and the other for the transport of the 
stator housing. Both these moving chains carry the 
work through a 770 gallon dipping tank and drying 
chamber. The motor end covers are dipped and 
dried prior to machining, which ensures that the 
machined bores for the ball races are free from paint, 
thus eliminating a masking operation which would be 
required if the castings were painted after machinire. 





Fig. 9 
Machining of the Stator Housing 


The covers are collected from the chain automatically 
and delivered down a short roller conveyor to an 
eight-station Bullard vertical automatic lathe. On 
this machine the major diameters are turned and the 
bearing housing is rough bored. The drilling of fixing 
holes is also carried out, using a multi-spindle drilling 
head. This is accomplished during the machine 
cycle, by preventing the rotation of the end cover 
while the drill head descends to carry out its work. The 
flanged type covers for motors designed for axial 
mounting are machined on turret lathes. Drilling of the 
fixing holes in the flange is carried on simultaneously 
with the turning of the outside diameter, by using 
a specially designed multi-drilling head mounted in 
one of the tool positions on the turret block. When 
the turret is advanced towards the revolving work, a 
driving dog on the chuck engages with the drilling 
head and rotates it. The rotational movement drives 
the drills themselves through a gear train and as the 
turret is further advanced the holes are drilled. 
Finally, the bearing diameters for the races are fine 
bored on twin spindle vertical boring machines and 
the completed covers are transported in wheeled 
crates to the final assembly area. 


(5) Manufacture of the Stator 

The stator castings are stored under the end cover 
store mentioned in the previous section, but in this 
case the castings are machined prior to being painted. 
One end of the casting is turned on a small vertical 
mill and then fed to a Bullard eight spindle vertical 
automatic which finish turns the inside bore, flange 
diameters and recesses. A short roller conveyor 
carries the stator castings to the next group of 
machines shown in Fig. 9. This group consists of 
five machines which are operated by two men. Here 
the casting has a keyway broached in its bore to 
locate the stator laminations and all holes are drilled 
and tapped. The multi-spindle drilling machine in 
the centre of the illustration is rather interesting. It 
is built up of three separate motorised units, each of 
which is fitted with a multi-spindle drilling head. The 
head on the’ left of the machine is capabl- of being 
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rotated about a vertical axis so that holes may be 
drilled horizontally at any required angular position. 
The stator is clamped hydraulically and the machine 
is controlled by push buttons. Also notice how the 
machines have been arranged around the worker, 
giving the minimum transport distance between each 
of the five operations. 

The machining now completed, the castings arrive 
by roller conveyor at the next work station, where 
the laminated stator is built up. The laminations are 
selected by weight as they were for the rotor and the 
required quantity are secured in the stator casting 
under pressure by a heavy “C”’ ring, a fibre lamina- 
tion being included at each end of the rotor to 
prevent windings being chafed by the sharp edges of 
the blanks. The sharp edges from the axial slots in 
the stator are removed on an automatic indexing 
filing machine and the finished stator housings are 
hung on the conveyor to be paint dipped. The dry 
castings leave the end of the chain conveyor ready 





Fig. 10 
Automatic Slot-Insulating Machine 





Fig. 11 
General View of Winding Assembly 
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for the insertion of the stator slot insulating paper. 
The machine shown in Fig. 10 was designed by 
B. B. Co., and is capable of insulating the stator at a 
rate of more than three thousand slots per hour. The 
stator is located on an annular disc in the table which 
is indexed according to the number of slots in the 
stator. A reel of insulation paper is fed into the 
machine which cuts a strip from the end of the 
required width and folds it into a ‘“U” shape. A 
vertically reciprocating arm then carries it up through 
a guide aperture in the machine table and inserts it 
in the stator slot. The stator then indexes to bring 
the next slot in the laminations over the aperture and 
when all the slo‘s have been filled the machine is 
automatically stopped. A number of interchangeable 
annular discs and a set of change gears enable the 
machine to cope with the various sizes of stators. 


(6) The Winding and Assembly of the Stator 
Coils 

Little need be said regarding the winding of the 
individual coils which go to make up the complete 
stator winding. Four Micafil coilwinding machines are 
used and the coils are wound on collapsible wooden 
mandrels. Three or four coils are wound simultaneously 
according to the type of winding required and these 
elongated coils are labelled up and stored on 
wheeled racks, one of which can be seen in the 
bottom right hand corner of Fig. 11. This picture 
shows the new layout of the stator winding assembly 
area. It consists principally of an endless conveyor 
some 800 feet round which moves in an anti-clockwise 
direction and has benches arranged down its two 
sides in herringbone fashion. The stator castings are 
fed on to the conveyor, together with the appropriate 
coils, which are then assembled in the stator slots and 
secured in position with strips of wood driven into the 
lamination slots. The assembly work is carried out 
by women. This work, under the original method, 
was very fatiguing owing to the amount of handling 
of the heavy stator during assembly of the coils in the 
slots. A special jig was, therefore, designed which 
enabled the work to be swung into any desired 
position. The stator is clamped in a iight ring which 
can be rotated and swivelled. This ring can be 
locked in any position and is carried on a vertical 
column which can be raised or lowered hydraulically 
to the desired working height. When the individual 
coils have been assembled and secured in place, the 
stator travels along the conveyor to the finishing 
positions where the coils are joined and the terminal 
leads attached to the windings. The connection of 
the copper wire is made by twisting the two ends 
together and welding them with an acetylene torch. 
This method has been found very satisfactory and is 
considerably cheaper than soldering, because the 
joints are made without removing the enamel from 
the wire and neither flux nor solder is required. 
After the lacing up of the finished windings they are 
given an electrical breakdown test and are then 
dried out, varnished and stored. 


(7) Final Motor Assembly 
We now come to the final stage in the production 
of the motor. The finished stators are placed on 


pallets and fed down a 65 foot roller conveyor at the 
side of which stand the assemblers. The operation 
consists of fitting the two end covers and rotor 
assembly together. The small details, like terminal 
blocks and covers and fitting the key in the motor 
shaft, complete the assembly and the motors pass 
down the conveyor to be tested. With the testing 
complete they are given a final coat of paint in a 
spray booth at the end of the conveyor. The dry 
motors are then fitted with their identification plates 
and leave the B.F.1 for shipment at a rate of one 
every two minutes. 

Motor production in the B.F.1 section reached 
its peak in 1951, when 54,000 motors were produced 
having a factory price of just over 7,000,000 Fr. Since 
that time the average monthly production has fallen 
from 4,500 to 3,500 during the summer months of 
1952. In May, 1952, 3,630 motors, having a factory 
price value of 482,000 Fr., were manufactured in the 
B.F.1 with a total of 104 workers, thus making the 
work value 60,000 Fr. per employee. These figures 
show a reduction in manufacturing costs of between 
20°/ - 25°/, compared with the old Basle Factory. 
This reduction in manufacturing costs has been 
realised through the improved manufacturing layout 
and production techniques which have been outlined 
in this Paper. 

In concluding the first part of my Paper, I cannot 
overstress the importance which I found Swiss 
companies place in applying the techniques associated 
with what has -been expressed as “ Production 
Rationalisation ”. No doubt the term “ Work Study ” 
is more familiar to us in Britain, but regardless of the 
label which the technique bears, the same four basic 
aspects are embraced, namely: Methods Study, 
Motion Study, Time Study and Job Evaluation, and 
whether these four aspects were applied singly or 
collectively to the problems associated with the 
improvement of production methods and manage- 
ment techniques, the most effective results were 
observed in establishments where both labour and 
management had confidence not only in a scientific 
approach to the raising of productive efficiency, but 
also in each other. On the whole, the Swiss appear 
to have this confidence and an attitude of mind exists 
which has been conditioned to the successful working 
of plans for increased productivity, a state of affairs 
which is of vital importance if new and _ better 
methods of production are to be successfully intro- 
duced. I am firmly of the opinion, even after contact 
with only a few Swiss firms over a short period of 
time, that the high rate of productivity which is 
associated with their industry is not due to vastly 
superior craftsmanship, equipment, tools or methods, 
but to a deeper appreciation of the necessity to work 
and to a more objective outlook. As far as the four 
aspects of Work Study mentioned previously are 
concerned, the Swiss have little to teach us except in 
their attitude towards its application. Almost the 
entire training and practice of Work Study techniques 
follow the literature of American origin. Consider- 
able interest is being shown in the methods of training 
for Work Study, which are rapidly expanding in this 
country and, like Germany, Switzerland hopes to 
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establish recognised training courses on a national 
scale. There are many disciples of the * Methods 
Time Measurement” technique found in America 
and the opinion seems to be that if productivity is to 
be raised it must firstly be measured and, to do this, 
some attempts have been made on a small scale to set 
up standards of reference and units of measure for 
work. 

Some evidence of this was found in Germany which 
has been developed from what is referred to as the 
R.E.F.A. system. The development of this system is 
of particular interest not only for the contribution 
which it has made towards the raising of Germany’s 
industrial productivity, but more especially because it 
is already established on a national basis throughout 
Germany. 

In both America and Britain there has been, since 
the time of F. W. Taylor, a variety of time study. 
motion study, work measurement and other pet names 
for so-called sciences which have been applied by 
management in an effort to raise productive efficiency 
by a rational approach to the improvement of 
methods and to the solution of the less tangible 
problems associated with incentives, and so to the long 
list of alternative names for ‘“ Work Study ” is added 
yet another—the R.E.F.A. system. 


What is R.E.F.A. ? 

R.E.F.A., as it is referred to colloquially, is funda- 
mentally a system of time study, but it is something 
more than just another technique to be adopted when 
making stopwatch studies. The wider conception of 
R.E.F.A. is that of an industrial association for both 
men and managers which through a basic and 
conscientious examination of work, provides a basis 
for the calculation of wages and for the improve- 





ments of methods and management. The letters 
R.E.F.A. are the abbreviation for its German title 
* REICHSAUSSCHUSSES FUR ARBFITS- 


ZEITERMITTLUNG”, the literal translation of 
which is “NATIONAL COMMITTEE FOR 
WORK TIME MEASUREMENT ” and, although 
much of the work of F. W. Taylor and the Gilbreths 
is reflected in it, it is to no man that R.E.F.A. owes 
its birth, for the system has its roots in Germany’s 
industrial and political past. 

Towards the end of 1921 a commission was set up, 
under the Union of German Metal Workers. to 
investigate the problems of finding a suitable basis 
for the calculation of wages to overcome the anoma- 
lies in the old system of the “standard wage avree- 
ment”. (At this particular time, Germany was on the 
brink of inflation and the purchasing power of the 
Reich Mark was rapidly on the decline). The three 
principal bodies who were responsible for the large 
scale investigation into the methods used to measure 
work and calculate wages were the Union of 
German Metal Workers. the Committee for Econo- 
mic Industrial Organisation (formerly the Committee 
for Machine and Manual Work). and the Association 
of Industrial Managers, and on September 30th. 
1924. R.E.F.A. was founded. 

During the years 1927 - 1928 the R.E.F.A. system 
was introduced into the metalworking. china, pottery 
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and chemical industries and the results obtained from 
the scientific approach to improvement of methods 
and the establishment of sound bases for the calcula- 
tion of incentives were very encouraging, so much so 
that the R.E.F.A. system spread rapidly through the 
whole of German industry. With the increasing 
application of R.E.F.A. there came the demand for 
men trained in this new technique and in the autumn 
of 1935, in combination with the “ German Front ”, 
special courses were organised on a national scale to 
train the necessary men. Between 1935 and 1939, 
more than 5,000 R.E.F.A. men were trained and by 
the end of 1945 the number had risen to over 30,000. 
The recognised national training scheme has been 
largely responsible for the wide acceptance of the 
R.E.F.A. system, and considerable evidence of its 
growth is shown by the fact that it is being applied in 
almost every factory. The success with which 
managements have applied the R.E.F.A. system is 
largely due to the fact that on one practises the 
technique of time study on the factory floor for the 
determination of work time, either as a basis for the 
calculation of wages or for methods improvement. 
unless the time study man has attended the recognised 
R.E.F.A. training course. 

However, in spite of the wide acceptance of 
scientific aids to management, it is questionable 
whether Germany is as far advanced in their objective 
application and, in other directions, they are consider- 
ably behind British industrial management. One 
factor which has not been recognised to be of the 
utmost importance in the campaign to secure higher 
productivity is that of industrial safety. There 
appears to be, in the Continental factories, an almost 
complete indifference towards the use of devices for 
the safeguarding of the workers against accidents. 

In one Swiss factory the management had recently 
launched what they considered to be a “ Safety 
Campaign”. This could perhaps have been more 
successful if it had been more objective. A rather grue- 
some photograph of one of the firm’s employees was 
displayed throughout the works, showing the head 
injuries received through the employee’s hair having 
been caught up in a machine, but nothing was done 
to guard the machine. This kind of approach may 
be effective to a degree, but if it merely instills fear 
into the workers, there is not likely to be the pro- 
ductive effort one would expect from persons working 
in safety without the shadow of danger hanging over 
them. Nevertheless, even though in many cases 
working conditions and amenities are below the 
standard demanded in Britain, I found, both in 
Germany and Switzerland, a working tempo in the 
majority of factories that would embarrass many 
industrial undertakings in this country. This tempo 
is mental as well as physical. There seems to be in 
the mind of the worker, be he labourer or manager, 
a sense of responsibility to the community at large 
which drives him to work hard and long. 

In the foregoing section of this Paper, I have tried 
to convey by a brief description of electric motor 
production, some idea of the manufacturing methods 
employed by an organisation which, although small 
in itself, is part of a very large industrial undertaking. 
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Nothing has been said regarding the production 
administration departments of the motor factory 
whose responsibility it is to plan, direct and control 
the manufacture of the product. The problems of 
these departments are relatively small when the 
manufacturing unit is decentralised, so that it is con- 
cerned only with the production of a limited range 
of items, as, for example, the parts which together 
make up electric motors of the induction type just 
described. The problems of the production adminis- 


tration departments increase at an alarming rate 
with the complexity of the production organisation. 
To illustrate the problems associated with an organi- 
sation which is engaged in the manufacture of a 
more complex product, I now pass on to the second 
part of this Paper, in which it is proposed to describe 
some of the production methods employed and the 
administrative problems which were encountered in 
the manufacture of telephone apparatus at Mix and 
Genast in their Stuttgart factory. 





PART II 


A Glimpse at German Telephone Manufacturing Methods and Some Administrative Problems 


The firm of Mix and Genast was founded in 1879 
in Berlin. It is one of the oldest firms in the German 
telephone industry and is an associated company of 
the great Standard Electric Organisation and of the 
International Telephone and Telegraph Corporation 
of America. Like many other German factories, Mix 
and Genast suffered considerable loss as a result of 
the War, including a complete dismantling of its 
main works in Berlin by the Russians. When under 
the Allied occupation, Germany was divided into 
zones and especially on account of the uneasy situa- 
tion in Berlin, the firm set up a second factory at 
Stuttgart in the south-west of the American zone. 
Some 3,000 persons are employed at the Stuttgart 
factory which consists of a group of eleven buildings 
taken over from the Heinkel Aircraft Company in 


1946. 


The Principal Problem 


The principal problem encountered in telephone 
manufacture is that of co-ordination. It has already 
been indicated that the problem of the production 
administration departments increases with the 
complexity of the organisation. For example, in a 
machine shop with some fifty machines, each engaged 
in the continuous manufacture of one component 
week after week, administrative problems are rela- 
tively simple, being confined mainly to the provision 
of the raw material, inspection of the parts produced. 
maintenance of the tools and the delivery of the 
completed part. Under this type of organisation 
concentration can be centred almost entirely on the 
improvement of the process or method, layout. 
handling and so forth, and there would be a maxi- 
mum return on invested capital with the minimum 
amount of trouble. On the other hand, if the same 
shop were required to produce 1,000 different com- 
ponents, each in turn requiring a number of separate 
operations to be carried out on different machines 
and utilising a wide variety of materials, the admin- 
istrative problem becomes very difficult and far more 
complex. This is the condition which is found in 
the manufacture of telephones and the type of equip- 
ment encountered and some of the problems of 
production will now be briefly indicated, 


The manufacturing departments are divided into 
four main groups : 

(1) The Machine Shop 

The main machine shop at the Mix and Genast 
factory is shown in Fig. 12. The shop layout is 
arranged for small batch production, that is to say, 
the machines are grouped according to their type 
and capacity. In Fig. 13 two heavy power driven 
friction screw presses are carrying out heavy forming 
operations on the yoke of a flat type relay. The total 
number of operations required on this detail alone 
is 37, and the part is one of nearly 10,000 various 
details which pass through the machine shop every 
month. In order to obtain economic runs, the batch 
size for each part must be carefully determined, and 
unauthorised depart're from it by the shop super- 
vision can result in the most unholy messes! While 
it will be agreed that sound economic machine loading 
is very necessary, it should not be overlooked that 
what often appears “economic” is far from being 
so when viewed as part of the whole programme. 
The effect of unsound economics can be observed 
by the planning of methods employing complicated 
and expensive tooling for parts which do not warrant 
such expenditure. For this reason, simple tools seem 
to be preferred, even where it would be an advantage 
to invest in more advanced tooling to assist in the 
subsequent assembly of the parts. Many instances 
of over-simplified press tools were found which 
resulted in a multiplicity of operations involving 
much handling of the parts between each operation. 
Where it had been found possible to arrange for 
these operations to be carried out on adjacent 
machines, as in the press shop, inter-operation 
handling was assisted by using a series of small 
portable motor driven canvas belt conveyors to trans- 
port parts from one press to the next. 

Where the number of components required per 
week is relatively large, a number of remarkably 
ingenious tools has been designed. One example is 
the press tool developed for the production of the 
flat relay armatures. These were previously made in 
six press operations, followed by drilling and tapping 
operations. All these have been combined in a pro- 
gressive tool designed to form, pierce and tap the 
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Fig. 12 
General View of Telephone Machine Shop 


armatures from a plain blank. The parts are stacked 
in a magazine and transfer-fed through the tool 
which carries out the piercing of four holes, three 
forming operations and a flattening operation, 
followed by the tapping of two holes on a tapping 
machine built on the end of the press tool and 
synchronised with the press. 

The introduction of this new method for the pro- 
duction of relay armatures has reduced the total 
number of operations from 21 to 14, and the manu- 
facturing time by nearly 70°. A saving of this 
magnitude will naturally have increased the produc- 
tion capacity correspondingly but, unlike a concern 
manufacturing consumer goods where as many 
articles can be sold as are made, the telephone manu- 
facturer is usually faced with a restricted market. 
The introduction of special purpose tools and equip- 
ment is, therefore, found only on a very limited scale, 
in order to keep the various production departments 
sufficiently flexible to handle the very large variety 
of components required. 

The great variety of components flowing through 
the production departments, therefore, raises a 
number of administrative problems, the greatest of 
which is how to get the right number of parts to the 
right places at the right time, which is the responsi- 
bility of the Production Control, the largest admin- ” Fig. 13 
istrative department in the factory. This department Heavy Press Section 
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Fig. 14 
Telephone Selector Assembly Lines 


maintains very close co-operation with the production 
planning departments, which have undergone a 
complete revision since the end of the War. 
Formerly, the planning department was a centralised 
body in which the responsibility for the determina- 
tion of the methods for the production of the indi- 
vidual details, assembly and testing of a particular 
piece of apparatus, was assigned to one man. As a 
result of the dispersal of the factory into a number 
of buildings, it was decided to divide all administra- 
tive departments into a number of separate units. 
Thus, the machine shop now has its own production 
control, planning and time study groups. Specialisa- 
tion has become the policy of the Company and now 
each section of the machine shop, that is, press shop, 
milling, drilling, turning and sheet metal work, 
has its own planner who can concentrate his atten- 
tion on the particular manufacturing methods for 
which he is responsible. The same situation exists 
in the other manufacturing groups, the second of 
which will now be described. 


(2) Apparatus Assembly Departments 


These departments are divided into three sections, 
each of which is concerned with the production of 





Fig. 15 
Uniselector Assembly Line 














a separate piece of apparatus, which can be seen in 
the following series of illustrations. The general 
arrangement of the assembly sections are on similar 
lines, and Fig. 14 shows the layout for the manu- 
facture of the uniselector or step-by-step switch. 
These are built up on the flow line principle used 
throughout the assembly departments. The line 
shown in Fig. 15 is for uniselectors and is 65 ft. 
long. Operators sit at herringbone benching down 
the centre of which runs a conveyor belt. The 
assembly of the uniselector is broken down into a 
large number of operations, each of which is carried 
out by a separate operator. The planning of the 
assembly and the division of work is arranged by 
the planner responsible for the line and is based on 
information supplied by the time study department 
employing the R.E.F.A. system (referred to in Part I 
of this Paper), which have established times for each 
assembly element in the building-up of the apparatus. 
As the production requirements of the line rise and 
fall, the division of the assembly work is juggled so 
that the necessary time to carry out each of the 
separate operations, which includes the adjustment 
of the selector, is balanced to avoid overloading any 
one operator. With this system of working it is, 
therefore, of paramount importance that the time 
standards employed are right. For each production 
programme quantity required, a separate layout plan 


Fis. 


is used which is displayed at the head of each line. 
For example, where the required output is 275 pieces 
per week, the assembly is divided into thirty opera- 
tions, and the allowed time for each is given as 
1.845 minutes. To maintain an even tempo and to 
prevent a piling up of work along the line, a “feeder” 
places sets of parts on the conveyor at regular 
intervals from the feed store. It also is this person’s 
job to provide each operator with a supply of other 
details from the store, such as screws, nuts and 
washers which are issued in bulk quantities and not 
fed down the conveyor. 

The assembled uniselector can be seen in Fig. 17 
which is a 3-level, 11-point switch, and Fig. 18 shows 
the largest type which has 10 levels and 17 points. 
There is a variety of codes, each of which has a 
different number of levels, single or double ended 
wipers or variations in the pile up of contact springs. 
The test sets used during the manufacture of these 
switches is universal and is designed to function 
automatically. 

The sets work on a punched card principle, 
derived from the Hollerith punched card system. In 
this case, the punched card is a thin brass plate 
which has a pattern of holes pierced in it corres- 
ponding to the code number of the apparatus to be 
tested. When the plate is inserted in the test set, 


the holes in the plate determine the test conditions 
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Iwo-Motion Selector Assembly Line 

















Fig. 17 


11-Point Uniselector 


required. The apparatus is connected to the test set 
and such functions as breakdown voltage test, short 
circuits, failures of contact springs to make or break 
connection, resistance of coils, etc., are carried out 
systematically. 

An illuminated display panel indicates when the 
test is completed and shows any defect. 

These test sets have the advantage over earlier 
testing methods in that they remove the possibility 
of human error and save labour. A large number 
of these automatic testing sets are to be found in 
the various departments, but one of the biggest 
problems in the manufacture of the apparatus is that 
of improving methods of adjustment, and in this 
sphere the problem is that associated with the adjust- 
ment of contact springs, illustrated in Fig. 19. 


The relay is one of the most important pieces of 


apparatus in telephone equipment and is required 
in the largest quantities. For this reason a separate 
department has been set up for relay manufacture 
which is divided into three main groups: the wind- 
ing of the coils, assembly of springs and armature to 
the coil, and the adjustment. 

As in the case of assembly of the uniselector, the 
flow line principle is used for the building up of the 
relays and part of the herringbone bench and _ the 
belt conveyor can be seen in Fig. 20 where the 
operator is dressing the tips of the springs before 





Fig. 19 
Flat Type Relay 





Fig. 18 


17-Point Uniselector 


adjusting. The adjusting is one of the most labour 
consuming operations in the mechanical assembly 
departments and demands the employment of care- 
fully trained personnel. There has been a great 
concentration of effort on the part of the planning 





Fig. 20 
Twinning Relay Contacts 
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Fig. 21 
Adjusting Relay Spring Tension 


and methods improvement departments to simplify 
the adjusting and to assist the operators engaged on 
this exacting work. Some success has been achieved 
by arranging for the springs to be formed before 
assembly into the pile-up in such a manner that they 
exert a pressure in a certain direction which is in 
excess of the tension required. The excess pressure 
is then removed by bending the spring at its root 





Fig. 22 
Two-Motion Selector (without Contact Bank) 
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Fig. 23 
Selector Contact Bank 

until the required tension is read on the gauge held 
in the right hand of the adjustor shown in Fig. 21. 
The requirements of the adjusted relay are so 
critical that attempts to eliminate the tensioning of 
springs by hand have not been successful, but the 
introduction of over-tensioned springs is claimed to 
have raised the output per operator from 800 to 
more than 1,000 springs per day. 

The most complicated single piece of telephone 
apparatus is the selector or two-motion switch shown 
in Fig. 22. This selector has been used in German 
telephone equipment since 1927. It is similar in 
operation to the model used by the British Post 
Office, but is more compact and requires only half 
the space in a telephone rack of its British counter- 
part. Due to its compactness, however, it is more 
difficult to service than the British model. The com- 
plete selector consists of an electric magnetic operated 
switch and a contact bank, Fig. 23. The complete 
assembly is shown in Fig. 24. The main frame of the 
switch is an aluminium alloy diecasting and the 
method of machining the important surfaces of this 





Fig. 24 
Assembled Two-Motion Selector and Bank 






































Fig. 25 
Wiring a Relay Rack 


detail has been the subject of a recent methods 
investigation. Complete interchangeability between 
the switch parts and the contact bank is demanded. 
A special purpose milling machine which machines 
eight working surfaces at one setting was developed 
in order to obtain the necessary accuracy. 

The economics of the new method of machining 
have been strongly criticised because the machine is 
not fully loaded, explaining of course that if orders 
could be increased up to a certain figure then a 
‘saving’ would result. The maintenance of 
accuracy and the reduction of scrap are often held 
to be less tangible savings than the direct savings 
in machine man hours, but where methods improve- 
ment or production rationalisation is based on 
accurate cost analysis, the criticism is not always 
justified. 

The liaison which exists between the production 
planning, shop supervision, methods engineering and 
time study departments were noticeably closer in the 
decentralised set-up indicated earlier, where the 
individuals responsible for these administrative func- 
tions work together in a small office adjacent to the 
factory department for which they are responsible. 
and it was felt that their approach to the every-day 
problems on the shop floor were dealt with in closer 
co-operation and their decisions less tempered by 
inter-departmental politics. 

The third manufacturing group is the department 
in which the three telephone components shown in 
the last series of illustrations come together for 
mounting in frameworks and cabinets which make 
up telephone exchange equipment. 


(3) The Wiring Shop 

This department is the focal point in the co- 
ordination of all phases of manufacture and here is 
reflected the efficiency of the whole production 
organisation. The work activities of this manufac- 
turing group can be divided into four phases : 

(1) Mechanical assembly of components into 

frameworks or cabinets. 

(2) Making up of the cable forms. 

(3) Wiring and soldering of the mounted com- 

ponents 

(4) Inspection and testing of the equipment. 

A typical relay rack, though not fully equipped, is 
shown during the wiring-up operation in Fig. 25. 
The rack is a rectangular iron framework and is 
mounted sideways on a light tubular steel structure 
which is used as a jig during the assembly of the 
relays and subsequent wiring operations. The jig is 
fitted with castors and serves to transport the rack 
through the assembly and wiring shop. It is the 
practice to work with the equipment racks in the 
horizontal position shown, which allows the operators 
to work seated or standing with equal comfort. 

The most common problem met with in the pro- 
duction of telephone equipment is that of wiring 
together the vast conglomeration of apparatus which 
makes up the complete telephone exchange. Hun- 
dreds of millions of wired connections have to be 
made annually and the apparently minor operation 
of soldering a wire on to a tab assumes astronomical 
magnitude because of the number of times it has to 
be performed. A typical cable form can be seen 
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Fig. 26 
Part of a Wired Uniselector Rack 


along the side of the framework in Fig. 25, and 
further examples are shown in Figs. 26 and 27. These 
cables are made up to the required form on wooden 
boards upon which the pattern is drawn out and the 
wires are laid between pins driven into the board. 
The main stem and branches of the finished cable 
are laced firmly to keep the wires in place. the ends 
of wires are cut to the required length and the in- 
sulation removed in preparation for the actual wiring 
and soldering operations. In Fig. 27 is shown a part 
of a rack of two motion selectors. This photograph 
shows a rear view of the selector bank and the 
method of cabling employed. 

For this piece of apparatus a ribbon cable is used 
which runs the length of the rack and lies in the 
space between adjacent tags. This makes the 
soldering of the joints more accessible and for this 
equipment a multi-point soldering iron has been 
introduced. The soldering iron bit embraces five 
tags simultaneously and five wires of resin-cored 
solder are fed to the iron through feed rollers. 

Due to the success so far achieved with this multi- 
soldering method, serious consideration is now being 
given by the telephone equipment engineers to the 
more general application of the ribbon type cable 
in the wiring of uniselectors, not only because it gives 
greater accessibility for soldering but also because 
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Selector Rack showing Ribbon Cable 




















Fig. 28 
Magnetic Tape Telephone Exchange Announcet 


it has been found to be cheaper than the more con- 
ventional cable-form. 


(4) Special Equipment and Systems Depart- 
ment 

The manufacturing programme of the Company 
embraces an extremely wide range of communica- 
tion equipment in addition to the general conception 
of telephone apparatus. These include radio link. 
telegraph transmission systems, fire alarm systems, 
railway signalling, and a host of other special systems 
which can be built up using telephone apparatus. 

The work of this department, although similar in 
nature to that of the previous two groups is run on 
a jobbing shop basis. Orders are usually small and 
a “one-off” job is most common. Here, then, can 
be seen how the administrative problems vary 
throughout the organisation and that the production 
and administrative methods which produce success- 
ful results in one department may have disastrous 
results in another. In view of this, much can be said 
in favour of the decentralisation of management 
functions operating under a co-ordinative group at a 
higher level. 

As an example of one of the many special pieces 
of equipment which are manufactured in this group 
of departments, I have selected a device which is 
among the latest developed by the Company. This 
is the automatic Telephone Exchange Announcer. 
This ingenious device consists basically of a magnetic 
tape recorder and a general view of its construction 
can be seen in Fig. 28. The spoked wheel in the 
centre carries on its circumference a magnetic tape 
upon which the telephone operator’s voice has been 
recorded. On the right of this is the power pack 
which feeds the amplifier on the left, which amplifies 
the signal picked up by the playback head. Fig. 29 
shows the apparatus mounted in the firm’s own 
telephone exchange. The output from the amplifier 
is fed to the telephone handset instead of the usual 
dialling-tone so that when the receiver is lifted, a 
voice repeatedly announces the name of the exchange 
to which the subscriber is connected. When a sub- 


scriber on a different exchange is required, a code 
number is dialled and a similar apparatus announces 
the called exchange. Thus the possibility of calling 
a number on the wrong exchange is eliminated, since 
the caller can hear if he is connected to the desired 
exchange, 

So far this device is only installed in small private 
exchanges not under the administration of the 
German Post Office, but application has been ex- 
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Fig. 29 
Magnetic Announcer Mounted in an Exchange 
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tended in other fields, and the German Railways 
have recently placed an order for a large number 
of these magnetic tape announcers to extend their 
train despatching systems. 


Some Comments on Germany’s “ Potential 
Production Energy ” 


The reconstruction of bombed cities is only one 
of the many economic and social problems which 
thwart the lives of the post-war Germans. They are 
a defeated nation from a military point of view, and 
the individual as well as the nation has suffered 
tremendous materia] losses. Apart from industry, 
which was crippled by the war, almost a quarter of 
the dwellings in the now German Federal Republic 
were destroyed. How then is it possible for a 
defeated nation, frustrated by the occupation of the 
Allies. to have made such a remarkable and rapid 
recovery 

Taking Western Germany as a whole. industrial 
production for 1952 was 167°% of the 1936 level, 
and the value of production almost twice as high 
as it was in 1948. The underlying strength of 
Germany's economy is no longer in doubt. Hitler’s 
government. the prostration before false gods, the 
dissipation: of man-power and of skill, bombing, dis- 
mantling of industrial plants. inflation and even dis- 
illusionment, have failed to destroy it. 

I found it difficult to find the formula for their 
success and indeed the more I learned aboui what 
the Germans thought and felt, the more convinced 


I became that they had further to go in the solution 
of their industrial and social problems than we have. 
The successful working of a productive unit 
depends very largely on the desire of its members 
to work together towards a common goal. This 
desire has been translated into action and the answer 
to Germany’s rapid productive progress can be 
summed up in two words: “ Hard Work’’. The atti- 
tude towards work on both sides of industry I regard 
as simply an attitude of mind. Just what has brought 
about this attitude of mind is a very complex subject, 
and it would take too long to deal with it here, but 
briefly it seems to be a deep seated national 
characteristic which has been cultivated in the soil 
of their past economic and social conditions. 
German’s greater rise in productivity compared 
with Britain is the result of longer working hours 
and a more acute consciousness of the need to pro- 
duce. We cannot afford to ignore these points, or 
the reality of Germany’s recovery. The right way 
to meet the challenge is not by grumbling about it, 
nor is it necessary to cut wages or increase the 
standard hours of working, but we must increase our 
productive efficiency to counter-balance their lower 
wages and longer hours. How our productive 
efficiency can be raised is not the subject of this 
Paper. and, indeed, many of the ideas and solutions 
applied to problems in Switzerland or Germany are 
not good or worthwhile applying, and many doubts 
and fears were expressed by both men and managers 
about their own unsolved production problems. 


NEW BUILDING FUND APPEAL 


Since the publication of the last list, donations have been received from the following subscribers. 


was compiled for press on 19th October, 1953.) 


E. E. Allen, Grad.I.Prod.E. 
Sir W. G. Armstrong Whitworth Aircraft 
Ltd. 


R. C Fenton, M.I.Prod.E. 
J. A. Francis, A.M.I.Prod.E. 


G. G. Mobbs, Stud.I.Prod.E. 
F. Mountifield, A.M.I.Prod.E. 


This list 





H. Ashford, A.M.I.Prod.E. 
Aveling Barford Ltd. 
E. F. Aylwin, A.M.I.Prod.E. 


Babcock & Wilcox Ltd. 

J. M. Bennett, Stud.I.Prod.E. 
Bristol Aeroplane Co. Ltd. 

S. H. Brown, A.M.I.Prod.E. 

A. W. Bryant, A.M.I.Prod.E. 

K. H. Buckley, Grad.I.Prod.E. 


W. Calderbank, Grad.I.Prod.E. 
J. A. Churchill, Stud.I.Prod.E. 


F. W. Cranmer, M.I.Prod.E. 


S. Death, A.M.I.Prod.E. 
R. M. Dennis, M.I.”rod.E. 
H. W. Denny, M.I.Prod.E. 
W. B. Dick & Co. Ltd. 
F. Downes, A.M.I.Prod.E. 
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E. W. Hancock, M.I.Prod.E. 
G. Hanson, A.M.I.Prod.E. 

J. H. Hartley, M.I.Prod.E. 
Hawker Aircraft Ltd. 


M. C. Hawkings, A.M.I.Prod.E. 


S. H. Hibberts, Grad.I.Prod.E. 
High Duty Alloys Ltd. 

W. J. Hobb, Grad.I.Prod.E. 
H. M. Hobson Ltd. 


F. R. Humphrey, A.M.I.Prod.E. 


D. St. A. Hunt, Stud.I.Prod.E. 


Iinperial Chemical Industry Ltd. 


Sidney G. Jones Ltd. 


J. G. Lloyd, A.M.I.Prod.E. 
A. W. Looney, Grad.I.Prod.E. 


F. E. Maer, M.1.Prod.E. 
Midgley & Sutcliffe Ltd. 


E. C. H. Parmenter, A.M.I.Prod.E. 


R. Petrie, M.I.Prod.E. 


F. R. Rogers, A.M.I.Prod.E. 
J. C. Routledge, A.M.I.Prod.E. 


H. P. Sanderson, M.I.Prod.E. 


Sanderson Bros. & Newbould Ltd. 


R. J. Slide, A.M.1.Prod.E. 
J. Spencer, Stud.I.Prod.E. 
H. R. Stansfield, Grad.I.Prod.E. 
B. E. Stokes, A.M.I.Prod.E. 


E. T. Teasdale, A.M.I.Prod.E. 


Telephone Manufacturing Co. Ltd. 


H. Turner, M.I.Prod.E. 


H. W. Ward & Co. Ltd. 
A. Webster, A.M.I.Prod.E. 


1. F. Whicker, Grad.I.Prod.E. 


.c 
J. L. C. Wright, Grad.I.Prod.E. 





LONDON GRADUATE SECTION 
WEEKEND SCHOOL, 1953 


The annual Week-end School of the London 
Graduate Section has now become a firmly estab- 
lished event. On the week-end of September 12th 
and 13th, the Fourth School met to consider “ Work 
Study ”, in the pleasant surroundings of the Beatrice 
Webb House and Estate, near Dorking, in Surrey. 

Although the School proper did not commence 
until 2 p.m. on Saturday, about a dozen of the thirty 
participants arrived on Friday evening, the inter- 
vening time being absorbed by social activities for 
which the venue caters so well. Mr. W. F. S. 
Woodford, Secretary of the Institution, in a chat to 
members during the week-end, stressed the value and 
pleasure to be derived from informal contacts between 
members, officers of the Institution and lecturers. 

The School was ably chaired by Mr. R. E. Leakey, 
President of the London Senior Section, and an ex- 
cellent summing-up was presented by Mr. H. P. Jost. 

The lecturers were set a difficult task, inasmuch 
as the Section had asked them not to deal with the 
technical aspects of work study itself, but rather to 
concentrate on the managerial aspects of the subject. 
This course was adopted because it was felt that 
whilst copious technical literature was available, there 
was a relative dearth of material dealing with the 
managerial considerations of work study. 

Mr. A. R. Mann, of the U.K. Production Study 
Department of Unilever, Ltd., set the tempo of the 
week-end very well with his first lecture. He dealt 
with the organisational aspects of the Work Study 
Department, both internally and with respect to the 
rest of an undertaking, and went on to consider 
problems of co-ordination, communications and 
training. 

This lecture promoted a very lively discussion, the 
highlight of which centred on whether or not the 
Work Study Department operated in an advisory or 
executive capacity. The interesting thought eventu- 
ally emerged that even if the department did act in 
an advisory capacity, its advice could conceivably 
become so consistently reliable that from the manage- 
ment’s point of view it became an executive 
function. 





MR. C. METCALFE 


Mr. C. Metcalfe, Asso- 
ciate Member, has _ been 
appointed Managing Direc- 
tor of E.M.I. Engineering 
Development Ltd. 

Mr. Metcalfe received his 
engineering training at a 
well-known firm in_ the 
North of England and was 
subsequently employed as a 
Design Engineer in_ the 





Mr. C. Metcalfe 


The second lecture was delivered by Mr. J. E. 
Payne, of Production Engineering, Ltd. He put the 
cardinal feature of successful work study before the 
school—good human relations. He examined the 
various motivations leading to the co-operation or 
resistance of individuals working in various capacities, 
and also of groups of people. Amongst many other 
matters, the ensuing discussion embraced the problem 
of selling ideas. One novel approach was for the 
“seller” to offer two solutions of a problem being 
tackled, one the true solution, the other being 
obviously wrong. In cheerfully rejecting the wrong 
solution, the person who is difficult to “sell” will 
more easily accept the correct one. 

The third lecture. by Mr. R. B. Kemball-Cook, 
also of Production Engineering, Ltd., gave a compre- 
hensive survey of the ways by which work study can 
help management. As might be expected, the lecture 
and discussion covered a broad field, and it is diffi- 
cult to single out specific features without detracting 
from the merit of the whole. However. the School 
found no difficulty in agreeing two thoughts for 
British management : first. that an incentive wages 
scheme is no substitute for good management: and, 
second, that as production methods improve and 
direct labour hours fall, the application of work study 
in indirect production and staff departments becomes 
of importance for reduced costs. 

Following the discussion. Mr. Kemball-Cook 
showed a film illustrating an improvement in work 
methods made in a hosiery mill, together with an 
application of three-dimensional models to a plant 
layout problem in the textile industry. 

The School closed with a vote of thanks to all 
those who had contributed to the success of the week- 
end, particularly those who had worked “ behind the 
scenes ” 

As in past years, the School provided an excellent 
opportunity for members to advance their ideas and 
possibly make their first incursion into the art of 
public speaking. 


Le 


“NEWS OF MEMBERS 


Engine Division of The Bristol Aeroplane Company. 

Joining the Gramophone Company as an Engineer 
in 1930, he has since been associated with companies 
in the E.M.I. Group. 

During 1935 he was appointed Chief Draughts- 
man of the Design Section in the Production Engin- 
eering Division and from 1938 has collaborated in 
the design of the E.M.I. Companies’ domestic 
products. 

During the war years he was an Executive 
Engineer in the team responsible for the design of 
important Government projects. 
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In May, 1946, Mr. Metcalfe was appointed a 
Director of E.M.I, Engineering Development Ltd. 


MR. F. W. ROSS 
Mr. F. W. Ross, Member, a member of the Corn- 
wall Section Committee. has now resumed his duties 
at the Cornwall Technical College. having recovered 
from his recent illness. Mr. Ross would like to take 
this opportunity of thanking his many friends for the 
good wishes and sympathetic messages he received 

during the time he was indisposed. 


COLONEL R. W. W. TAYLOR 
H.M. The Queen has 


approved the appointment 
of Colonel R. W. W. Taylor. 
T.D.. Member. as Honorary 
Colonel of 120 Transport 
Column, R.A.S.C. (T.A.). 

Colonel Taylor has served 
with this unit since 1935 
and during the War, when 
he served all over the 
Middle East and Western 
Desert. 

Well-known in Midland 
industrial circles Colonel 
Taylor is the Chairman and 
Managing Director of Lang 
Pneumatic Ltd.. Wolverhampton. 





Col. R. W. W. Taylor 


MR. H. UNSWORTH 
Mr. H. Unsworth, Member, has resigned his 
appointment with Accles & Pollock Ltd., and has 
joined Lockheed Hydraulic Brake Ltd., as Deputy 
General Works Manager. 
Mr. Unsworth is a member of the Institution’s 
Materials Handling Sub-Committee. 


MR. R. H. VARCOE 

Mr. R. H. Varcoe, Associate Member, has been 
appointed Managing Director of his firm, Preminco 
Ltd.. formerly Premier Industrial Consultants, 
Harrow. 

MR. J. P. FORD 

Mr. J. P. Ford, Associate Member, has been 
appointed Managing Director of Associated British 
Oil Engines (Export) Ltd. He is also Managing 
Director of Brush Export Ltd., and National Oil 
Engines (Export) Ltd. 


MR. C. H. BACON 
Mr. C. H. Bacon, Member, has recently been 
appointed Managing Director of his firm, Sangamo 
Weston Ltd., Enfield. 


MR. W. R. CHILDS 
Mr. W. R. Childs, Associate Member, has recently 
been appointed a Director of the Monitor Engineer- 
ing and Oil Appliances Co., Birmingham. 





NEW APPOINTMENTS 


Mr. W. Adams, Associate Member, has been 
appointed Works Manager of his Company, San- 
gamo Weston Ltd., Enfield. 

Mr. E. W. Beever, Associate Member, has taken 
an appointment with Euclid (Great Britain) Ltd., 
Lanarkshire, as Industrial Engineer. 

Mr. P. Chambers. Associate Member, is now a 
Production Engineer in the Switchgear Development 
Department of The English Electric Co. Ltd., 
Stafford. 

Mr. T. J. Davies, Associate Member, has relin- 
quished his post as Lecturer at the Glamorgan 
Technical College, Treforest, in order to take up 
duties as Head of the Engineering and Mining 
Department of the Rhondda Technical Institute. 

Mr. P. R. Hosken, Associate Member, has relin- 
quished his post in the Technical Office of the 
Pneumatic Toolworks of Holman Brothers Ltd., in 
order to join the teaching staff of the Cornwall 
Technical College. 

Mr. A. J. Lund, Member, has resigned his position 
as General Manager of Cooper Engineering Ltd.. 
and has now joined Simpson & Co. Ltd., Madras, 
as General Manager. 

Mr. C. Unwin Portsmouth, Associate Member, has 
recently taken up an appointment as Manager of the 
Department of Defence, Canadian Radio Manufac- 
turing Corporation, Toronto. 
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Mr. E. F. Priest, Associate Member, has been 
appointed Manager of the Engine Division, Field 
Aircraft Services Ltd., Croydon. 

Mr. R. S. Russell, Associate Member, has taken 
the position of Production Engineer with Crudens 
Ltd., Misselburgh. 

Mr. J. Shilkin, Associate, has been appointed 
Deputy Director, Inspection Service, Army Branch, 
Department of Supply, Australia. 

Mr. W. L. Soul, Associate Member, has been pro- 
moted to the position of Chief Draughtsman with 
his Company, The Hoffmann Manufacturing Co. 
Ltd., Chelmsford. 

Mr. C. C. Spanswick, Associate Member, has 
relinquished his post as Lecturer at the Cumberland 
Technical College and has been appointed Lecturer 
in Production Engineering at the Brighton Technical 
College. 

Mr. C. Taylor-Cook, Associate Member, is now 
Principal of the Poplar Technical College, London, 
E.14. 

Mr. A. E. Watkiss, Associate Member, has 
accepted an appointment as full-time Lecturer in 
Production Engineering at the Derby Technical 
College. 

Mr. J. P. Welburn, Associate Member, has taken 
the position of Assistant (Grade “B’’) at the Hull 


Municipal Technical College with special reference 
to Production Engineering Development. 

Mr. C. T. Wheatcroft, Associate Member, has 
relinquished his post with British Insulated Callenders 
Cables Ltd., and is now a Sales Engineer (Industrial) 
with the Vacuum Oil Co. Ltd.. and is responsible 
for the Nottinghamshire and part of Derbyshire area. 

Mr. R. J. C. Whitaker, Associate Member, has 
been appointed Chief Production Engineer of The 
Glacier Metal Company’s No. 1 Factory at Alperton. 

Mr. S. Worne, Member, a former Director of 
Chandos Engineering Co. Ltd., Egham, Surrey, has 
purchased the goodwill and furnishings of that 
Company, and is continuing in business from the 
same address with the same lines of manufacture. 

Mr. C. R. Basu, Graduate, is now employed by 
the Government of West Bengal as an Inspector of 
Boilers. 

Mr. D. O. Boden, Graduate, is Assistant Lecturer, 
Grade “B”™. at the Chesterfield College of Tech- 
nology. not Grade “ A”. as reported in last month’s 
Journal. 

Mr. O. S. Brown, Graduate, is now a Technical 
Representative with Machine Shop Equipment Ltd.. 
London. 


Mr. H. Calderbank, Graduate, has taken up an 
appointment as Assistant Grade “A” at the Bolton 
Municipal Technical College. 


Mr. A. E. Clauson, Graduate, has taken a post 
as Designer with Geometric Designs Ltd., London. 


Mr. L. Edmonds, Graduate, has been promoted to 
Section Leader in the Engineering Design Office at 
The General Electric Company’s Research Labora- 
tories, Stanmore, Middx. 


Mr. L. H. Janes, Graduate, has been promoted to 
the position of Chief Draughtsman of A. Johnson & 
Co. (London) Ltd. 

Mr. K. Macdonald, Graduate, has taken up an 
appointment as Work Study Engineer with Paton & 
Baldwin Ltd., Darlington. 

Mr. P. A. Taylor, Graduate, is now Senior Time 


and Motion Study Engineer with The English 
Numbering Machine Co. Ltd., Enfield. 

Mr. R. J. Temple, Graduate, is holding the 
appointment of Assistant Production Manager with 
Limit Engineering Ltd., Islington. 

Mr. E. G. Woodhall, Graduate, has been appointed 
Assistant Works Manager of Ewarts Ltd., Dudley. 





HAZLETON MEMORIAL LIBRARY 


Members are asked to note that the Library will normally be open between 10 a.m. and 5.30 p.m. from 


Monday to Friday each week. 


The full facilities will not be available at the following times during this 


month :— 


Tuesday. 3rd November 
Thursday, 12th November 
Tuesday, 24th November 


from 2 p.m. 
all day. 
from 2 p.m. 


It would be helpful if, in addition to the title, the author's name and the classification number could be quoted 
when ordering books. 


REVIEWS 


338.9 PRODUCTIVITY 
Measurement of Productivity: Methods used by the 

Bureau of Labour Statistics in the U.S.A. Organi- 

sation for Euror E ic Co-operation, Paris 

—tTechnical Assistance Missions Nos. 7-10-11. 

Paris, O.E.E.C., 1952. 104 pages. 4s. 6d. 

This report is the result of an investigation by a 
group of representatives of industrial research associa- 
tions, government departments and universities from 
all the European countries including Britain. 

The object of the mission was to study the working 
of the existing Productivity Division of the American 
Bureau of Labour Statistics. It is interesting to note 
that the Productivity and Technological Development 
Section of the American B.L.S., whose main responsi- 
bility it is to produce productivity statistics, employs a 
staff of 50/60 people in Washington and about 10 
agents in the various Regional Bureaux. One of the 
main tasks of this Government service to industry is to 
co-ordinate all the statistical work done by the Govern- 
ment Departments with a view to reducing the cost of 
surveys, avoiding duplication, and standardising ques- 
tionnaires and methods of classification, sample survey 
techniques, etc. 





These productivity studies undertaken by the B.L.S. 
were first introduced in 1898, when unemployment 
created interest in the question of replacement of man- 
power by ‘machine, and they came under the heading 
of “Labour Displacement by Mechanisation”. Again, 
in 1925, technical progress in the U.S.A. had brought 
about a serious degree of technological unemployment 
and to counteract a feeling developing amongst workers’ 
organisations that the workers were not getting their 
due share of the profits of technical progress, they 
wished to know just how great the progress had been. 
This relationship between wages and productivity was 
considered to be the most important aspect. The report 
goes on to say that fresh developments occurred at the 
end of the War, and that progress in U.S.A. produc- 
tivity during the War had become a decisive factor in 
connection with wage claims put forward by the Unions 
who strongly support these productivity studies, 

One section of the book is devoted to basic defini- 
tions of productivity and productivity measurement. 
Information regarding the method of carrying out the 
surveys, the publication of the results, and the use 
made of these reports is given in great detail. The 
appendix to the reports lists industries in which such 
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surveys are standard practice, and quotes actual 
examples of the method used to collect and compile 
the information gained from personal interviews and 
investigations by the B.L.S. agents in conjunction with 
and inside industry. 

The value of this report lies in the fact that it is an 
sited comprehensive review of the activities of the 
Bureau of Labour Statistics in the field of productivity 
measurement. B.H.D. 


-791 WELDING 


** Weld Design ” by H. D. Churchill and J. B. Austin 
Vew York, Prentice Hall, 1949. 216 page 
Illustrated. Diagrams. £2. 12s. Od. 

[his publication deals with the process of welding 
in all its aspects. It covers both the elementary and 
the more advanced types of welding and, will, therefore, 
be of interest to students throughout the whole range 
of their studies. 

Chapter 3 on “Stress Analysis and Design Data’”’ 
is of considerable interest. The information contained 
in this chapter should assist in the design of all kinds 
of structures, and it gives details regarding rigidity and 
strength of the structures when complete. 

Chapter 9, dealing with flame-cutting, is worthy of 
note. Although this process is well-known, it can be 
referred to for the latest practice. Flame-hardening 1s 
a subject on which there is great difference of opinion; 
this is dealt with adequately in this chapter. 

Although Chapter 10 does not deal strictly with 
welding, the metal bending is a closely allied process, 
and correct preparatory technique will undobtedly 
make many welded components structurally superior. 

The publication is recommended to all who are 
seeking information in up-to-date welding processes. 

H.A.C. 

* Welding Practice ”, ed. by E. Fuchs and H. Bradley. 
Butterworth’s Scientific Publications in association 
with Imperial Chemical Industries Ltd., 1951-2. 
3 vols. 511 pages. £2. 15s. Od. 

These books have been written by the Welding Panel 
of the Imperial Chemical Industries Ltd., which 
includes many well-known men in the field of metal- 
lurgy and welding. The books were originally written 
in booklet form for the guidance of engineers within 
their own organisations. They are intended as a work 
of reference for designers and engineers, particularly 
those connected with the chemical industry. 

The work is so wide in its scope that it has only 
been possible to discuss briefly the major points. How- 
ever, the more important references relating to each 
section have been listed to enable the reader to make 
a more detailed study. 

The first volume consists of five chapters each dealing 
with an important section of the welding field, welding 
processes, metallurgy of welding, examination and 
testing, shop layout and finally welfare. The second 
and third volumes deal with the major aspects of 
welding ferrous alloys and non-ferrous metals and 
alloys respectively. Each section has been well illustrated 
with practical examples which will help engineers avoid 
design pitfalls, particularly in the chemical and pressure 
vessel industries. 

The books can be recommended to those wishing to 
gain an understanding of welding technology without 
making a detailed study. G.CS. 


INDUSTRIAL PRODUCTION 


“Industrial Frustration: Commonsense for Trade 
Unionists,”” by Lewis Craven Ord. London, — 
Publishing Co. Ltd., 1953. 178 pages. 12s. 
“Industrial Frustration’? makes a fitting a to a 

lifetime’s study of production technique. 

L. C. Ord has left behind him a :eries of works on 
production which have changed in tone with growing 
experience, and perhaps a growing frustration of his 
inability to see within his own lifetime the achieve- 
ment by British industry for which he has so long 
striven. 
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In this sense, “ Industrial Frustration” is a measure 
of his own difficulties, and in it much of his previous 
practical background gives way to his personal ideals. 

Over the years, L. C. Ord has set out to compare 
American and British industry, taking to task in turn 
both management and employee, and now, arising out 
of his own frustration, turns to the trade unions as the 
responsible party. 

It is when we come to examine in more detail 
“Who is responsible for what” that this book becomes 
a little unreal. Those who have studied through L. C. 
Ord the American yardstick of productivity over the 
last thirty years may be forgiven if, with this last book, 
they should question not so much what is wrong with 
British industry, but the American yardstick with which 
it is measured. 

It may be that L. C. Ord’s self-confessed failure to 
establish British production on the level with American 
production, even under conditions where American 
production methods are used, lies in a deep-rooted 
aversion, not to American methods, but to the American 
way of life, if to achieve it means sacrificing those 
characteristics which we British people hold dear. 

‘Maybe ”, but in any case this is a book which 
should enable the reader to make up his mind. 

To the student, to the idealist, to the management 
that can take some comfort out of the failure of others, 
this is a book to be read with relish. 

To the practical ‘doer’ of the moment, this book 
will not have so great an appeal; idealism such as 
L. C. Ord’s will need many lifetimes to bear fruit. 

R.C.M. 


681.2 INSTRUMENTS 


** Instrument Manual” ed. by J. T. Miller. 2nd ed. 
United Trade Press Ltd., L mndon, 1953. 733 pages, 
illus., diags. £4. 4s. Od. 

This book is divided into 25 chapters, each of which 
is devoted to one particular class of instrument. These 
are too numerous to mention in detail, but every aspect 
of instrumentation appears to be covered. 

Each chapter is complete in itself and contains a 
brief list of contents, a survey of the principles of the 
instruments in the class, together with illustrations of 
contemporary instruments, and is completed by a list 
of relevant British Standard Specifications, a list of 
text books, a list of references to articles in the 
technical press, and a buyers’ guide. 

In the introduction it is stated that the editor was 
faced with the difficult task of deciding what to leave 
out. In view of the wide scope of the instrument 
industry, this admission is not unexpected. In general, 
the selection of material appears to be reasonable and 
errors are scarce. 

This book could be usefully employed in many types 
of establishments and in this connection, the buyers’ 
guide could be particularly useful. This is a reference 
book and not a text book, and might well serve as a 
guide to a Production Engineer responsible for the 
selection and supervision of instrument installations of 
types of which he may not have expert knowledge. 

It should be noted that this is a British publication 
and is based on British instruments. S.R.S. 


OTHER ADDITIONS 


791.4 FILMS 


Great Britain—Central Film Library. ‘“* Catalogue of 
Films for Industry. London, the Library, 1953. 
48 pages. 


914.2 GREAT BRITAIN—Directories 


M.M. Yearbook 1953: A Comprehensive Guide to 
Sources of Supply of New and Second-hand 
Machinery of British and Foreign Origin. London, 
Machinery Market Ltd., 1953. 816 pages. 15/- 


HOURS OF WORK 

Cotton Board Conference, St. Annes-on-Sea, 1953. 
“Papers prepared for the . . . Conference on 
Double Day Shift Working in the Cotton In- 
dustry.” Manchester, The Board, 1953. 50 pages. 
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SPEED IN PRODUCTION 


Some examples of high speed 
production obtainable by die 
casting are shown here—no 

other process being able to compete 
for speed or quality. MAZAK 

(in which these are cast) is based 
on zine purity of 99-99+% is 

the perfect alloy for accurate 

and fast multiple output. 















SPOKE NIPPLE 
59 PER MINUTE 


CUP HOOK CAST LAUNDRY STUD 
COMPLETE WITH THREAD 216 PER 
18 PER MINUTE MINUTE 





DRIVING GEAR FOR 
MECHANICAL TOY 
64 CLEAR CUT TEETH 
SPHERICAL FEET STRONG AND ACCURATE 
18 PER MINUTE 





UMBRELLA TIPS 
(WITH HOLES CORED 
76 PER MINUTE 


N.B. 
For the sake of clarity the articles shown here are reproduced one half as big again 
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The Michigan “Shear-Speed” Gear 
Shaper is the fastest of all precision 
gear cutting machines. It is ideally 
suited to the production of spur gears 
and splines, including shoulder gears. 
Available in 4 sizes, for gears and 
splines up to 3in., Sin., Zin. and 10in. 
diameter, respectively. 
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The new Michigan Single Spindle 
Gear Hobber closely approaches the 
Shear-Speed in its output rate. It is 
ideally suited to helical as well as 
spur gears and splines up to 8in. 
diam. and Sin. face. 

It will cut two 3in. diam. lin. face 
gears to well within pre-shave toler- 
ances in 58 seconds. 


We will be glad to send you complete in- 
formation on either or both machine types 


GASTON E. MARBAIX LTD. 


DEVONSHIRE HOUSE, VICARAGE CRESCENT, BATTERSEA, LONDON, S.W.11 
SALES & SERVICE ENGINEERS TO: 





ICHIG 





An | 


from blonk to 
finished gear 
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Single spindle 1800 Series Frauenthal Grinder, specially enginesred for grind- 
ing Diesel engine connecting rods... typical of numerous operations where the 
workpiece is large and cumbersome but hole to be ground is relatively small. 


_..another MILLIONTHS-of-an-inch”’ 


T’S the extreme precision to which Frauenthal Grinders 

work that surprises metalworking leaders who know the 
potentials of modern speed-and-precision machines. You 
will be surprised, too, at the savings in time and money you 
can make with these super-precision grinders! 

In both toolroom and production set-ups, simultaneous 
grinding of inside or outside and faces . . . or boring and 
turning . . . can now be held to such close precision of par- 


Frauenthal 


MULTIPLE-HEAD 


* 
SUPER-PRECISION 
CYLINDRICAL 


PRECISION CRIND INSIDE, OUTSIDE AND FACES 
SIMULTANEQUSLY TO MILLIONTHS OF AN INCH! 





allelism and concentricity that measurements of tolerance 
get down to fractions-of-ten-thousandths, best expressed in 
millionths of an inch! 

Manufacturers of precision parts for aircraft, jet and auto- 
motive engines, tanks, gunmounts, radar units, Diesel con- 
necting rods, plug valves, high precision bearings and other 
industrial and military parts and assemblies find Frauenthal 
Grinders profitable investments. You are sure of utmost 
precision, unfailing interchangeability and speedy, dependable 
production with these “ millionths-of-an-inch” grinders. 
Series 1800” available in 4 standard sizes, with 30”, 36’, 42”, 
or 48” tables and 60° maximum swing. Specially engineered 
features can be included to fit your requirements. 


write for bulletin 


GASTON E. MARBAIX LTD 


DEVONSHIRE HOUSE - VICARAGE CRESCENT 


———BATTERSEA - LONDON - S.W.11—— 
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Fot Maximum Ficduction 
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Fitted with 2° Hand Operated 
Automatic Chuck and 2° 
Capacity Bar Feed 





19° dia. Free Cutting Mild 
Steel, En.1 


' ccienimena 
F ° Tungsten Carbide and 6] 
High Speed Steel Cutting 
Floor to Floor Time: 4 minutes CLUTCH LEVER Tools * 
Hex a i Fo | one cm C AP STA N 
DESCRIPTION OF OPERATION | Speed Speed Cuts 
Hex.Turret Cross-slide R.P.M. Ft. per Min. per inch 
— , 1000 130 Hand 
— | 1000 460 133 
_ 1000 | 460 193 


1000 130 Hand 











m 








Feed to Stop, Chuck, Start Drill A - . 
Multiple Roller Turn B and C dias. and ne End 
Parallel Undercut turn D : 

Drill A ; ._ «¢ © w 





| mnnawn— 
| 


Tap §” dia. 14 TPL. - - - - - - 177 30 «14 T.P.I. 
Support and Form C, D, E - . Rear 177 80 Hand 
Radius Part-off F - - 





a0 146 | 30 Hand | 








-~ 


Capacity: 25 in. dia. hole through spindle l6t in. dia. swing over 
stainless steel bed covers. 

Spindle: Mounted in ball and roller bearings. 

Powerful metal-to-metal cone clutches transmit power through ground gears. 


OUR COMPLETE RANGE INCLUDES CAPSTAN AND 
TURRET LATHES WITH CAPACITIES UP TO 35 in. SWING 
OVER BED AND 8} in. DIA. HOLE THROUGH SPINDLE. Full details on request 


H.W.WARD & CO.LTD 


SELLY OAK j=} BIRMINGHAM 29 


TELEPHONE \4= 4 SELLY OAK II3I 





W.612 
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: SUNDERLAND 
J PARKINSo peels. 
WE SON (SHIPLEY) tr 


Vd FOR SPUR, SPIRAL & DOUBLE HELICAL GEARS THE 
‘SUNDERLAND’ SYSTEM PROVIDES 

@ EXTREME SIMPLICITY AND MATHEMATICAL ACCURACY. 
@ RAPID OUTPUT AND EXCELLENT QUALITY. 

@ FEW CUTTERS AND GREAT RANGE AND CAPACITY. 

@ ONE CUTTER CUTS ANY NUMBER OF TEETH OF A PITCH. 
@ LOW INITIAL OUTLAY ON CUTTERS. 

@ LOW COST OF MAINTENANCE. 














TELEPHONE 53231 


SHIPLEY (@%) YoRKSHIRE 
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PiTlCHmaster 


rapid production by thread rolling 





for low cost 






The PiTCHmaster has been developed for the rapid 
production by thread rolling of components in high 
tensile steel. Regular and irregular shapes are thread 
rolled automatically—an important labour saving feature. 
Send us samples of your high tensile components to be 
threaded and have the benefit of our experience in effecting 
cost-saving improvements. 


Sales & Service... DRUMMON D-ASQUITH . . « forthe British Isles : 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 
*Phone : Midland 3431 (5 Lines) Also at LONDON & GLASGOW 














Anderson 




















The Institution of Production Engineers Journal 





if 








a waa 

oS: ay ooo ee 
oF ye aft Td 
<y | eee 





Our long Experience of Hole Production 
in all parts of the world enables us to 
produce the best machine t« meet’ any 


particular requirement Why not us 


Sales & Service for the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW STREET, BIRMINGHAM 
*Phone : Midland 3431 (5 lines) Also at LONDON & GLASGOW 
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PRODUCTION GEAR SHAPERS 


DRUMMOND BROS. LTD., GUILDFORD, ENG. 


Sales and Service for the British Isles : 


DRUMMOND-ASQUITH (SALES) LIMITED, KING EDWARD HOUSE, NEW STREET, BIRMINGHAM 


‘Phone: Midland 3431 (5 lines) Also at LONDON & GLASGOW 
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HERBERT 

















HERBERT 
AUTO JUNIOR 











HERBERT AUTO-JUNIOR 


A high-speed automatic chucking machine for rapidly machining 
parts up to 83° swing. 


Remarkable for production, precision and durability. By the 
self-selecting feed motion each operation can be done at the most 
suitable feed, thus ensuring maximum production. 


Air or electrically-operated chucks reduce idle time to the minimum. 


Complete particulars on request. 


DELIVERY IN 4 WEEKS 


Full particulars on request to:— 


HEAD WORKS, ’Phone 88781 (12 lines) 


ALFRED HERBERT LTD °- COVENTRY 
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CEJ TAPS 


Spiral Flute Taps for 
blind hole tapping. Spiral 
Point taps for through hole 
tapping. In each case only one 
tap is needed. 








PLUG & RING GAUGE 


are in steadily increasing demand throughout 
industry. Their precision and exemplary accuracy 
ensure complete satistaction. 














(CC ~J] DELTAMETER 


is an instrument of highest accuracy for dimensional measurement. It is 





CEJ ROUND DIES sturdy, extremely easy to read and is actuated by means of ordinary com- 

pressed air which operates through a balanced system and which is an 

Adjustable or solid; Obtainable integral part of the instrument. The measuring tolerance is either in .00005” 
in all standards. or .0001” and the instrument can be set by means of Slip Gauges. 





CEJoua NSSON LTD. 


PRECIS(ON TOOLS AND JW § 08 Oe 





A.I.D. APPROVED 


SOUTHFIELDS ROAD - DUNSTABLE BEDS - TEL: DUNSTABLE 422/3 fe 
DHB 





The NEW (<M) open tront 
POWER 


ARE DESIGNED AND BUILT FOR 
LONG LIFE AND RELIABILITY 


Our “LM” catalogue describes and illustrates the 
many time-saving features incorporated in these 
presses which range from i2 to 100 tons capacity 


May we send a copy for your personal attention? 


HORDERN: MASON & EDWARDS LTD. 


PYPE HAYES, BIRMINGHAM, 24, ENGLAND. Telephone: ASHfield 1104(7 lines) Telegrams: ‘Aitchemmee B’ham 
LONDON OFFICE:- 4, VERNON PLACE, SOUTHAMPTON ROW, W.C.1 Telephone:- HOLborn, 1324 
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for all 


The range of Fraser Mono-Radial and Deri-Sine Hydraulic 


applications 


Pumps covers the complete range of industrial applications 


e where smooth, controlled power is required. 
of hydraulic 


p ow e r 7" 7 8 THE MONO-RADIAL PUMP 


The Mono-Radial pump combines high and low pressure 


outputs in one pump, giving high speeds of operation with 


F R A S > R economy of power standard pressure range up to 6,000 p.s.i 


THE DERI-SINE PUMP 


The Deri-Sine pump gives true STRAIGHT LINE FLOW 
6; free from pulsations of any periodicity. For pressures up to 
2,000 p.s.i. and ranging from fractional outputs up to 
AND DERI-SINE PUMPS 


90 g.p.m. 


ANDREW FRASER & CO. LTD., 29 BUCKINGHAM GATE, LONDON, S.W.!. Tel: VICTORIA 6736-9 
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KEIGHLEY ENGLAND 
LIMITED 





DESCRIPTIVE CATALOGUES Wilt BGS OR REQUEST 
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RIGHT AT THE TOP! 


Above all else, T.1. Aluminium corrugated sheeting is the 
best material for general purpose roofing. Light and easy to handle, 
it saves valuable time in manipulation and fixing. T.I. Aluminium corrugated 
sheeting requires no protective coating of paintwork and its high resistance 
to corrosive elements make it eminently suitable for durable roofing in 


fume-laden industrial atmospheres. It is competitive in initial cost and 


saves pounds in maintenance. 


T.1. ALUMINIUM LIMITED, 


REDFERN ROAD. TYSELEY. BIRMINGHAM ||! 
TELEPHONE: ACOCKS GREEN 3333. 





ALUMINIUM AND ALUMINIUM ALLOY INGOT, BILLETS, SLABS, SHEET, STRIP, TUBES AND > 
4 J iy 
EXTRUSIONS TO ALL COMMERCIAL, A.I.D. AND LLOYD'S SPECIFICATIONS, 4 @) COMPANY 
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N 8 CAPACITY 3" 
O. SPINDLE SPEEDS 200-6020 R. P.M. 









tPA1bRI 


CAPACITY 7 
No. I 2 spinpLe SPEEDS 63-5600 R.P.M. 




















Sittt itd 


CAPACITY 1}" 
No. ZO spINDLE SPEEDS 37-3090 R.P.M. 
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wc wats) | 















GARANTOOLS HOUSE, PORTSLADE 
BRIGHTON - - - SUSSEX 


Telephone : HOVE 47253 Telegrams : Garantools, Portslade 








LONDON - BIRMINGHAM - EDINBURGH - MANCHESTER - BRISTOL 








RATHBONE 
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FOR ALL KINDS OF 


JIGS - FIXTURES & GAUGES 


PRESS TOOLS - MOULDS AND 
SPECIAL PURPOSE MACHINES 


Our commitments are heavy but we welcome an 
opportunity to study your requirements for 
inclusion in our production programme where 
possible. 





























Up-to-date shops specially laid out and equipped 
for making, on a production basis, every type of 
precision ground gauges; limit snap, form, calliper, 
taper and special purpose gauge, as well as jigs and 
fixtures of all kinds, press tools moulds and special 
purpose machines. Highest class workmanship 
and accuracy guaranteed. 





Guaranteed 




















Precision 





























Accuracy 
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TOOLS & GAUGES LIMITED 


HARPER ROAD : WYTHENSHAWE ; MANCHESTER 


Phone:- WYTHENSHAWE 2215 ‘Grams:- PNEUTOOLS, PHONE 
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THE POWER 
OF A NAME 





ese brightly among the immortal names 

of literature is that of Charles Dickens—tireless 
creator of some of the best loved characters ever to be 
portrayed by the printed word. In these modern times, Industry, too, has its famous names. 
Well to the fore is Hoover, which manufacturers everywhere immediately associate with the 
Hoover Fractional Horse Power Motor. Backed by extensive service facilities this sturdy 
‘ fractional ’ represents a striking achievement in engineering skill ; a motor whose matchless 
efficiency has been proved by industry time and time again. 


The Hoover F.H.P. motor combines superb quality 
with competitive price. Please write for name and 
address of your nearest distributor. 


HOOVER 
LIMITED 


INDUSTRIAL PRODUCTS 
DEPARTMENT 





CAMBUSLANG +» LANARKSHIRE +» SCOTLAND 








XXXVI The Institution of Production Engineers Journal 


Se uicHt MODEL 


For most grades of sheet steel, brass, tin- 
plate, plastics, fibre and other materials. 
Standard cutting speed: 150 feet a minute ; 
variable if required. 

Maximum capacity in M.S.— 12 cuts in 22 
S.W.G. With other materials the capacity 
depends on their nature. 

Machines supplied to handle sheet widths up 
to 36 inches and beyond, in special circumstan- 
ces, also supplied fitted with coiling equipment. 


FoR HIGH SPEED 


G 
ISION SLITTIN 
— SHEET G STRIP 












































| 
wlll 


Ti ) 
TTT 
i - 
atl 
if’ 




















tessthed 
MMM 
mn" 
it~ 
ame 





Weybridg 






































> mepium MODEL 


For most grades of sheet steel, 
brass, plastics and other materials. 
Standard cutting speed: 180 feet a 
minute ; variable if required. 
Maximum capacity in M.S.—6 cuts in 8 S.W.G. 
With other materials the capacity depends on 
their nature. 

Machines supplied to handle sheet widths up 
to 7 feet. 


@ Our specialists will gladly advise on the selection, instal- 
lation and use of WEYBRIDGE Gang Slitters—the most 
efficient and reliable machine yet devised for the purpose. 


ai 
GEORGE COHEN 


SONS AND COMPANY LIMITED 


SOLE WORLD AGENTS: 






SUNBEAM ROAD, LONDON, N.W.10 - Telephone : Elgar 7222/7 STANNINGLEY, Nr LEEDS - Telephone : Pudsey 2241 


And at Kingsbury (nr. Tamworth) - Manchester - Glasgow - Morriston, Swansea - Newcastle - Sheffield - Southampton - 


Belfast - Bath 





JPE/536/ M737 
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‘When we speak of PRODUCTION 


ai ane sanly peaking 


THE MEN who practise it 


Walter C. Puckey, M.I.Prod.E., F.1.1.A. In 
the February issue of the I.P.E. Journal. 


Such men must have a ready means of keeping well informed on 
every facet of production whether it be new techniques, new 
materials, new machines or new developments in national 

policy. 
The Machinist, Senior Journal of the Metal-working Indus- 
try, is a weekly paper in the closest touch with Industry 
and is therefore able to provide an up to the minute 
information service in an authoritative and concise 
manner. 
Furthermore, the growing recognition—exempli- 
fied by Mr. Puckey’s words—that machines are 
only instruments in the hands of the men 
who design, apply and control them— 
emphasises the increasing importance of 
a journal such as The Machinist, as 
a practical means for providing a 
free and lively interchange of 
ideas between these men— 
the men who practise 
production. 


















The Machinist is published in 
London every week. Copies may 
be obtained on subscription from 
the Publishers at £3 5s. Od. a_year 
post free (£6 10s. Od. for 3 years ) 
or from any Newsagent o1 
Bookseller at 1s. 6d. 


THE 


| MACHINIST . 


A BRI Tah McGRAW-HILL PUBLICATION 


Mc GRAW-HIEL HOUSE, 95 FARRINGDON STREET, LONDON, €E.C.4. 
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ALWAYS USE 
COSSOR 
Tusesa 

Valves 


PRIOR TO THE ATOMIC TESTS IN AUSTRALIA 


much research into nuclear physics 

was carried out at the Australian National 
University in Canberra. The eminent 
scientists Professor Marcus Oliphant and 
Professor E. W. Titterton are seen in one of 
the laboratories. Also in the photograph 
may be seen four Cossor Double Beam 
Oscillographs which they are 

using in their research. 


Please address enquiries to: 
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In displaying simultaneously the 

mutual effect of two related and variable 
quantities the Cossor Double Beam Oscillo- 
graph 1s solving many of the fundamental 
problems with which the research and 
development scientist is constantly beset. 
In addition, workers in every branch of 
Industry are realising the infinite uses 

of this instrument in the detection and 
analysis of faults and the accurate 
monitoring of manufacturing processes. 


( () \ \ () R ELECTRONIC INSTRUMENTS 


The Technical Advisory staff of the Cossor Instrument Division is always at your Service 


A. C. COSSOR LIMITED - INSTRUMENT DIVISION (DEPT. 35) - HIGHBURY GROVE - LONDON - N.5 
Telephone: CANonbury 1234 (33 lines) 


C.54 
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DIVIDING 
HEAD 


COMBINES THE HIGHEST PRECISION WITH 
ROBUST CONSTRUCTION © MAG. UP TO 1,000X 
Combining the following features: Dead centre, adjustable drive 
for zero settings, large vernier screen reading direct to 6 secs. 
(estimation 3 secs.) and conforms to N.P.L. Specification 
MOY/SCMI/56. 





MAIN DIMENSIONS 


Height of Centres....ccessses..cesseed 43” (117.5 m/m) 
Centre Distance (on Base) ......... 24” (610 m/m.) 
SIMD GE FOG FUNOND ons ss cccccsessccrsecs 74” dia. (190 m/m.) 
nen No. 2 Morse Taper 
WERT! GF MEAD nccccccescsscscccsces eesess-soense wales 





ay 4, Yoh 
PRECISION 
GRINDING, LTD. 


MILL GREEN RD., 
MITCHAM, SURREY 


*Phone : MITCHAM 3014 


A SUBSIDIARY OF GEORGE H. ALEXANDER MACHINERY LTD. 82-84 COLESHILL ST., B’HAM. ’Phone ASTON CROSS 3264 
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METAL SAWING 











The ‘‘Hydrofeed’’ range includes Straight and Angular 
cutting models, ‘‘Automatics,’’ and special Billet 
cutting machines. 


Patent Interlocking Vices can grip several bars 
and awkward sections. 

Patent Hydraulic Circuit specially designed for 
Sawing. 


MACHINES 


Capacities up to 134” diameter or 
24” x 10” R.S.J. 


‘HYDROFEED’ 
COLD SAWING 
MACHINE 


Automatic bar feed. 





SAW SHARPENING 
MACHINE 


Capacity 11” to 48” blades 








THE LIGHT 


CONVEYOR FOR 
HEAVY LOADS 


It is almost certain that some stage of pro- 
duction or packing of your product can be 
economised and speeded up by the installa- 
tion of one or other of the Teleflex 
Conveyor Systems. Either Cable or Chain 
type conveyors can be supplied soon after 
receipt of your order. Our Technical 
representative will be pleased to call upon 
you (entirely without obligation), and advise 
on the solution to your problem. Write for 
illustrated broch- 
ures:—Cable 
Conveyors ref: 
Con. | I. P. and 
Chain Conveyors 
ref: Con. 2 I. P. 


llustrated is an example 
of a Teleflex Conveyor 
which travels all round a 
particular factory. 


TELEFLEX PRODUCTS 










Above: 

Teleflex conveyors from 
on important aspect of 
the production system of 
Messrs. A. C. Delco— 
Division of General Motors 








Lefe: 
Teleflex conveyors are 
important links in the pro- 
duction lines at the works 
of the Plessey Co. Ltd., 
liford. 


Telephone: ILFORD 
3117 


LTD - UPHALL RD. - ILFORD - ESSEX 
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How 


Long 


— Should a 
OT aN 


Only so long as it is efficient. A lamp 





that lasts a long time, but gives only a poor light, 
is not worth anyone’s money. Metrovick lamps are designed 
to give the most economic balance of life and light output. Whatever 


the type, no lamps have a more lasting efficiency than Metrovick, 


When daylight fades gee 


METROVICK 1s 


METROPOLITAN-VICKERS ELECTRICAL COMPANY LIMITED 
St. Paul’s Corner, 1-3 St. Paul’s Churchyard, London, E.C.4 
Member of the AEI group of companies 





$/A303 
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rapi d response 


The excellent damping system 
of the Pullin Type PD 440.A.C. 
Dynamometer Testing Set en- 
sures a rapid response and a 
dead beat pointer action. It 
is designed for test rooms, 
laboratories and technical col- 
leges requiring accurate meas- 
urements, and combines the 
functions of a precision dyna- 
mometer, ammeter,volt meter 
and wattmeter 





AC DYNAMOMETER 
TEST SET TYPE PD 440 


INSTRUMENTATION BY 


MEASURING INSTRUMENTS INDUSTRIAL SWITCHBOARD INSTRUMENTS 


DYNAMOMETER, PORTABLE AND MULTI-RANGE TEST SETS 


MEASURING INSTRUMENTS (PULLIN) LTD 


ELECTRIN WORKS WINCHESTER ST. ACTON LONDON W.3-TEL: ACORN 4651-3/4995 
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This way ov of Your 
‘flexible’ wt oblems 


Use our experience and service as makers and 
suppliers of every kind of flexible tubing and 
hose to find the most economical solution to 
your problems. Call at our London Showrooms 
—where hundreds of samples and photographs 
of special applications can be seen —or let us 
send someone to talk things over with you. 


Compofliex 


FLEXIBLE TUBING & HOSES 


Compoflex Company Limited. Factories at 
Diggle Nr. Oldham and South Wimbledon 


Write now for 
“ COMPOFLEX FLEXIBLE TUBING & HOSES ” 
our new descriptive brochure which includes 


GAS AND AIR HOSE - SUCTION AND DELIVERY HOSE METALLIC 
FLEXIBLES - RUBBER FLEXIBLES - “SPECIALS” ETC’ FITTINGS AND 
COUPLINGS - COMPOTAPE 


iS 
es! Ve 
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If there is a ‘flexible’ 
answer—you Il find it at 


26 Grosvenor Gardens, S.W.|l 


"Phone : SLOANE 6/85 (3 lines) or 5109 (2 lines) 
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Down to bench height, then up 
and away—a KING overhead 


chain conveyor in action. 








Call in KING... and get things moving 


* Overhead conveyors to carry from feather-weight up to 1 ton per trolley. * Slat, belt and roller 
conveyors—to handle ounces or tons. * Cranes to make loads of up to 200 tons a push-button job. 
* Overhead Runways and Electric Pulley Blocks to lift 100 Ibs. to 10 tons. * Austin, Dunlop, Frigidaire, 


Hoover use KING handling gear. Find out how KiNG can help you—write for illustrated booklets. 





KINGS STRENGTHEN YOUR HAND 





+TEREO THRAZOE Masa 


CONVEYORS - CRANES 
PULLEY BLOCKS 


A KING OVERHEAD CRANE KING RUNWAY, SHOWING BRANCH LINES Covered by British and Foreign Patents 




















GEO. W. KING LTD., 13 ARGYLE WORKS, STEVENAGE, TEL: STEVENAGE 440. OUR REPRESENTATIVE WILL CALL ON YOU-—-ANYWHERE IN THE WORLD 
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Typical application of 
‘*Runtact” Power Duct for 
travelling electric hoists. 
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POWER DUCT 


provided 
PORTABLE POWER 
whore YOu want ct / 





| * Donovan “Runtact” is widely used for feeding electric power to hoists, 


cranes and portable electric tools. Essentially this is because with 
its enclosed conductors, hazards of exposed wiring are eliminated. 


Donovan “Runtact ”—with its standard straight and curved track 
sections—-can be applied to practically any crane, hoist or portable tool 
installation, and is adaptable to existing as well as new installations. 
Write for descriptive folder which gives full details about Donovan 
“‘Runtact” Power Duct, including busbar and trolley ratings and 
method of installation. 


Qualified Sales Engineers available for consultation—without obligation—in London, 
Birmingham, Leeds, Belfast, Glasgow, Bournemouth. 


THE DONOVAN ELECTRICAL COMPANY LTD. 





Stechford . Birmingham, 9 ~- (London Office - 149-151 York Way, N.7) 





APEGO 5 vie caster 





PECO machines have completely modernized the technique of Cold Chamber Pressure 
Die-Casting and with their unique feature, an electrical control, they are considerably in 
Four core-pulling connections, hydraulic ejec- 
tion cylinder and bumper bars for mechanical ejection are fully interlocked, permitting 


advance of other machines «on the market. 


operation in any sequence. 


illustrated literature on the 2c and 10c Die-Casting Machines will be gladly sent on request, 


THE PROJECTILE & ENGINEERING COMPANY LIMITED 


ACRE STREET, BATTERSEA, LONDON, S.W.8 Telephone: MACAULAY, 1212 Telegrams: PROFECTUS CLAPROAD, LONDON Cables : PROFECTUS, LONDON 
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These sole plates are 
being produced by 
the BRITISH DIE- 
CASTING COM- 
PANY for MORPHY- 
RICHARDS LTD. 

The main illustra- 
tion is of the pro- 
duction of these 
castings completely 
carried out on the 
PECO Sc Die-Caster 
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The fibrous nature of Wrought 
Iron, demonstrated by the nick 
and bend test piece above, 
allows it to absorb varying 
stresses, to stand up to severe 
vibrations, and to recover from 
sudden shock. In cases of over- 
strain, warning of impending 
failure is given by _ visible 
elongation. 











You're on the safe side with Wrought Iron 


WE CAN ALL SEE DANGER in this form and take good 
care to keep on the right side of the bars. 

But danger is not always so apparent, nor the safe- 
guard so obvious. 

Human life constantly depends on the reliability of 
equipment such as cable chains, couplings, and cage 
and lifting gear. 

Wherever human safety depends on the ability of equip- 
ment to withstand strain, there should Wrought Iron 
be specified. 

Wrought Iron has an unrivalled capacity for resisting 
shock and overstrain. It also possesses very valuable 


rust resisting properties. Thus, in the long run, it is 
a safer and more economical proposition than mild 
steel for many purposes—especially for service out- 
doors or under wet conditions. Moreover, the very 
nature of Wrought Iron makes it highly suitable for 
welding. 

At the Midland Iron Works, we produce Wrought Iron 
in strips and bars and in a variety of sections, for a multi- 
plicity of uses. A free copy of our Section Book 
will be sent on request while our technical repre- 
sentative will be glad to advise you on any aspect 
of Wrought Iron usage. 


The Midland Iron Co. Ltd 


MIDLAND IRON WORKS 


ROTHERHAM 
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20 EMPIRE WORKS 





TS is MONEY 


Si The Gledhill-Brook Company was intimate with the early problems associated 
with the design and production of time recording machines, and was first in 
ic producing efficient electric impulse recorders with accurate timekeeping free 
from dependence on electric frequency or external influence. Wages and 
4 cost methods have a time basic—that is where we are concerned to help. 

A large number of time recording models is now available covering most of 
the known needs for wages and labour cost control. One of industry’s immedi- 
ate needs is the reduction of waste—the waste of time that costs money. 


GLEDHILL-BROOK TIME RECORDERS LIMITED 





HUDDERSFIELD 

















ae precision is brought to the well- 

tried technique of barrel-finishing by the 
design and development of the Polymotion range 
of rumbling machines. Ensuring maximum accu- 
racy throughout the largest working load, no 
matter whether parts are to be deburred, polished, 
coloured or treated by any other of the processes 
possible, the Polymotion range is bringing new 
high standards of finish to some of Britain’s largest 
production lines. 


te The resources of our Research Department are at 
your disposal. We welcome, and will process and 
return to you with a full report, samples of products 
suitable for barrel-finishing. Please make use of 
this service—without obligation, of course. 





Pp OLYMOTION 


ling machined 


Why not learn how modern barrel-finishing will bring new 
economies to your production line? Send for the “ Poly- 
motion Machine ’’—our new publication describing these 
machines and their application to every branch of industry. 


FOX CHEMICAL ENGINEERING WORKS, LTD., 
MAYBURY GARDENS, WILLESDEN, N.W.10 
WiLlesden 6200 
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Because magnesium is the lightest of all structural metals, and the easiest to 


machine, all production jobs involving the use of Elektron Magnesium Alloys 


start with assured advantages in time, power, equipment, man hours, floor space 
and tools. The economical ‘machinability’ of these alloys is as important to the 
Production Engineer as their lightness is to the designer—one of the reasons 
why Elektron castings are being used for jet engines, omnibuses and heavy 
commercial vehicles, in textile machinery and in some 250,000 Ferguson 


tractors. Write for a copy of our booklet on ‘‘Machining’’. 


MAGNESIUM ELEKTRON LIMITED 


CLIFTON JUNCTION MANCHESTER 





London Office: Bath House 82 Piccadily W.1 
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Air cylinder 


t. 


E.M.B. Co Ltd 


WEST BROMWICH ENGLAND 





Double acting cam operated valve 














pra 


CLEANING 
MACHINES 








THIS ILLUSTRATION SHOWS A MACHINE 
CLEANING CRANK CASES IN THE PRODUC- 
TION LINE. IT IS EQUALLY CAPABLE OF 
CLEANING SMALL PARTS IN BASKETS. 


Bratby & Hinchliffe Ltd. 


SOLE AGENTS FOR GREAT BRITAIN: 


GEO. H. HALES MACHINE TOOL CO. LTD. oa 


VICTOR HOUSE - |, BAKER STREET - LONDON, W.I. 


Designed and manufactured by 


BRATBY & HINCHLIFFE LTD., SANDFORD STREET, ANCOATS, MANCHESTER 4. 
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ENGINEERS 
CUTTING 


tograph shows Easicut Taps in use at 
Vickers-Armstrongs Ltd., Scotswood 
Works, Newcastle-upon-Tyne. 


ENGLISH STEEL CORPORATION LTD 


Openshaw-Manchester 
Makers of high quality Engineers’ Cutting Tools for over a century. 


<= 








The Institution of Production Engineers Journal 
& 


WINN DIES AND CHASERS for 


Standard threads from stock in Tangential, Coventry 
and Geometric types. Quick delivery for all others. 
Material, workmanship and accuracy guaranteed. 


\ Jaw Recutting and regrinding 
\ VIINN a speciality. Consult us on 
v HN any screwing problems. 


SM/CW. 402 












The “ PRIORITY” punch grip has been 
designed to avoid damage to the fingers of 
the punch user. It holds firmly all sizes of 
** PRIORITY ” punches and allows a really 
hard blow to be struck without the risk of 


jarring. 


BROOM STREET 


a 


The punch grip is strongly made in aluminium 
and is designed to sit easily in the hand. 


EDWARD PRYOR & SON LTD 


SHEFFIELD 
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“ Newallastic” bolts and studs 
have qualities which are abso- 
lutely unique. They have been 
tested by every known device, 
and have been proved to he 
stronger and more resistant 
to fatigue than bolts or studs 


made by the usual method. 
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AT MIRRLEES, BICKERTON & DAY LTD., 


Famous throughout the world for high performance 
diesel engines, Mirrlees, Bicxerton & Day Ltd., rely 
on GALTONA O-K serrated blade cutters for mill- 
ing the webs of forged steel crankshafts, as shown. 
The II in. dia. GALTONA O-K face mill has 14 
H.S.S. teeth. Speed is 16 r.p.m. with a feed of 3 in. 
per minute and depth of cut approx. } in. 

There are GALTONA O-K cutters with blades of 
high speed steel, solid Stellite or tipped with ce- 
mented carbide to improve production on your 
own work. Ask for details. 


MILLING CRANKSHAFTS 


STOCKPORT 


NORTHERN A. V. Green, 
AREA ‘$ House, Wellington 


OFFICE 


STEELHOUSE WORKS - ad VER STREET : BIRMINGHAM 7 


Yelephone: Aston Cross 300! (12 






mts) Selegrams. Cogs. Birmingham” 





Street, Leeds, 


OFFICE ° 





Britannia MGREA® A.J. Percy, 240, Romford Messrs. Stuart & 
REA 


Road, Forest Gate, SCOTLAND © Houston, 5, York 
London, E7 - * =. Glasgow, €.2 
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IC would fet you 
there sometime 
- but when 7 





It was a good idea—once ! 

So was the Ark! 

So were whitewashed walls and drab oppressive 
paintwork in factories and workshops. 

Or so it was thought. 

But we know better today. 





dirt is and facilitate it’s removal; to make the place 


We know that stark areas of unrelieved white are a of work a brighter, lighter, healthier, more pleasant 


frequent cause of eye fatigue. We know that fatigue place. 
ste one production, is responsible for much | “Colour Conscription for Industry”’ explains clearly 
abeentesion. | how you can make colour work—to the benefit of your 
To-day, colour is used to make the work area more | employees and your business. 
| 


easily visible, to reduce fatigue, to show where the A complimentary copy is available for principals. 






PRODUCTION UP 1I0™%.... 


br 
, ABSENTEEISM DOWN 50% . oe! 


g OUR ON 
Pgnscne! Inde 


Such is the record of a well- 

known foundry after applying 

the principles described in 
“Colour Conscription.” 


63h cat am 
ia eee 
ere 


INDUSTRIAL DIVISION 


BRITISH PAINTS LIMITED 


PORTLAND ROAD, NEWCASTLE UPON TYNE 2. 











rer 
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wee L= we OF INTEREST TO 
| PRODUCTION ENGINEERS 


Can you convert standard drilling machines 
? to automatic operation and obtain very 
@ considerable increase in production. 


? Can you secure this increase with small 
@ capital expenditure. 





Can you maintain regular and continuous 
? production using unskilled operators and 
@ eliminate operator fatigue. 


Vopr Fe! © INGA ITV 


WITH THE 





AIR HYDRAULIC POWER 


W. J. MEDDINGS LIMITED FEED UNITS 


16 Berkeley Street, London, W.! ° MAY fair 6417 SEND FOR INTERESTING DETAILS 





RATHBONE 









ON LANWD-IN THE ACR -OW THE SEA 


se; 


UNIVERSAL JOINTS 


Are unsurpassed for Efficiency, Power and Endurance 
ME Joints are manufactured under ideal conditions, 
by specially designed single purpose plant. Rigid in- 
spection of components is made after each opera- 
tion,and heattreatmentsarescientificallycontrolled. 





“HOOKES’ TYPE ‘ME’ PATENT UNIVERSAL ‘HOOXES’ TYPE LIGHT - 


UNIVERSAL JOINT BALL JOINT SERIES UNIVERSAL JOINT 
For less severe duty than Combineshigh loadcarry- Designed for light duty. 
AVAILABLE FOR ALL the b spend joint. With- ing we simplicity of Moderate tension and 
stands some tension or esign and utmost reliab- compression loads are 
“aaa compression loads. ility. 92% —98% efficient allowable. 


(N.P.L. certified). 


THE MOLLART ENGINEERING COMPANY LTD. 
KINGSTON BY-PASS, SURBITON, SURREY, ENGLAND 


Tel.: ELMBRIDGE 3352/3/4 ected itehiiel M10] 1:Ihgel*) 


Air Ministry Gauge Test House Authority 89755/31 
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Rover Car Factory, Solihull. High intensity lighting in a 
body spray tunnel by fluorescent lamps in a glazed enclosure. 


Joilored for the job 


The lighting of many processes is vital to the smooth and rapid.flow of HOW TO GET MORE INFORMATION 
work and to the quality of the finished product. For example; poor 
lighting could make a spray tunnel into a bottle-neck — each job taking you on. how to use electricity to greater 
a little too long, a little portion missed, a return to the spray line — and advantage —to save time, money, and 
so the whole production line marks time. Whatever form it takes, good materials. The new Electricity and Pro- 
lighting not only helps to provide a satisfactory working environment but ductivity series of books includes one on 
is an active production tool. lighting — “‘ Lighting in Industry ”. Copies 

Fluorescent lighting is as good as daylight — only more consistent. It can be obtained, price 9/- post free, from 
is efficient ; it is economical; and it is fexible. You can ‘ tailor ’ it, easily E.D.A., 2 Savoy Hill, London, W.C.2, or 
and exactly, to the special requirements of production at all stages. from your Area Electricity Board. 


ee ‘y 
Xs Issued by the British Electrical Development Association 


Your Electricity Board will be glad to advise 
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Dawson 


ROTARY DRUM 
METAL PARTS 
CLEANING 
MACHINE 


SIZE ‘00’ 





This is the smallest of the Dawson Rotary 
Drum type cleaning machines. It has a 
drum diameter of 12 ins. and a capacity 
of 7 ewts. per hour, varying according 
to the Vol./Weight ratio of the parts. 
Measuring only 4 ft. 9 ins. long by 
2 ft. & ins. wide, it is ideal for inclusion 
in automatic shops when swarf and grease 
ean be removed from components imme- 
diately after machining. It has been 
specially designed in unit sections and is 
available as wash only or rinse only, or 
as a drying machine. These sections can 
be combined to form any combination of 


the above. 


WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 














Whatever it is you need—large or small capacity— 
high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & CO. Lrp. 


IPSWICH 


Telegrams: Reavell, Ipswich Telephone Nos.: 2124-5 








Sole Distributor 


DRUMMOND-ASQUITH sates) LTD 


King Edward House, New Street, BIRMINGHAM. Telephore: Midland 3431 


Manufacturers : DAWSON BROS. LTD., Gomersal, Leeds. Telephone: Cleckheaton 1080 (5 lines) 
ondon Works: 406, Roding Lane South, Woodford Green. Essex. Telephone: Wanstead 7777 (4 lines) 
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Even today there are factories in which both 





| time and money are wasted in the handling of 
goods. Paterson Hughes Overhead Electric 
Cranes solve the handling problem, where 


a large area has to be served. Paterson 





| Hughes are the acknowledged experts 
in the design and construction of 


bulk handling plant of all types. 








ELECTRIC OVERHEAD TRAVELLING CRANES 


LONDON : BEDFORD HOUSE BEDFORD STREET STRAND LONDON WC2 
BIRMINGHAM: 3 HIGHFIELD ROAD EDGBASTON BIRMINGHAM [5 


GLASGOW: WYNDFORD WORKS MARYHILL GLASGOW 
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DESIGN * 


SERVICING * 


MANUFACTURE * 


INSTALLATION * 


5-ton Overhead 
Travelling Cranes at 
work in a timber yard. 





Tel: TEMPLE BAR 7274/6 
Tel: EDGBASTON 2957/8 


Tel: MARYHILL 2172/4 
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PARKINSON & COWAN INDUSTRIAL PRODUCTS 





HE Parkinson and Cowan Group is well known for its ; 
production of domestic appliances, meters and instru- 


ments. It also produces a large volume of industrial | 





equipment. In particular, Parkinson and Cowan Gas Meters 





operates a rapidly developing business in industrial heating 
apparatus, notably in infra red drying equipment. The growth | 
of these activities makes it necessary to establish a new Division 
of the Group to foster them. This Division will be known as 
PARKINSON & COWAN INDUSTRIAL PRODUCTS 


and will operate from 


Cottage Lane Works, City Road, London, E.C.1 Telephone: Clerkenwell 1766/7 











1 R.33 















BURGESS MICRO SWITCHES 
Industry’s Automatic Choice 


Ether Ltd., use Burgess Micro Switches for 
electrical control in this and their other high 
quality products because—like all maaufac- 
turers of repute—they believe in having the 
best component equipment obtainable » 


In your products too there are probably 
many points where a Burgess Micro Switch 


could give you similar trouble-free service ; Paws Ruceen Blase Belicheses 
Type V3 fitted with auxiliary 
roller actuators type VLKI. 
They switch over two 
thermo-couples to the 
amplifier circuit. 


if so, there is almost certainly a suitable 
model for your application described in our 
Catalogue No. 50/15—please write for a copy. 





Burgess Micro 


n ye 17 = a 

~~, Ge 
: 5 ro ) 2 Two 
¢ —jL__“ |__- 


MICRO-SWITCHES 


Burgess Products Company Limit?d, 
Micro-Switch Division, 

Dukes Way, Team Valley, Gateshead 11. 
Telephone: Low_Fell 75322/3. 







Switches 









Type CRS fitted with auxiliary roller 
actuators Type CA. They are emplcyed as the 
maximum-minimum control switches in 
this multi-colour reccrding controller. 
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NEVEN TOOLS __ 
speed the job!" 





—_—— er 








A Customer’s Comment : 


Since using ‘‘ Neven”’ Tools our cost per unit in the Tool Room has been 
reduced to a fraction of a }d. from 24d. per unit when using other 
forms of diamond tools. 


Over twenty years ago Mr. Neven introduced his Impregnated 
Diamond Tools. Great technical advances have been made in succeeding 
years and production is still under the personal supervision of Mr. Neven. 
Our latest catalogue gives the widest range of Diamond Tools yet listed 
for working tungsten carbide, glass, quartz, stone, ceramics and hard 
refractories, etc. 


Keep right up to date by sending for a copy today. 





IMPREGNATED DIAMOND PRODUCTS LTD - GLOUCESTER 
TELEPHONE 21164 (3 LINES) TELEGRAMS IMPREG GLOUCESTER 








Our problem was S 
to provide sensitive “<q 
control at reduced cost.. 


-..the diagram shows an electrically operated 
hydraulic power system in which 17 universal 
rods and 18 bevel-geared elbows were used to 
carry control from a remote point to the control 
gears of the pumps and from these gears to the 
motors. This set-up proved both costly and 
troublesome. Tolerances were difficult to main- 


















tain. Manufacturing and assembly operations 
were time-consuming and expensive. 


SOLUTION: S. S. White engineers 
suggested four standard 3/8" diameter S. S. 
White flexible shafts to replace the univ- 
ersal rods and the bevel-geared elbows. 
The result was improved application and a 
superior control set-up which easily pro- 
vided the desired sensitivity—at one tenth 
of the cost. 


BB 't will pay you to consider S. S. White flexible shafts 
on all your power drive and remote control problems— 
and to take advantage of the experienced co-operation 
of S. S. White engineers in working out the most 
suitable application for your needs. 


FLEXIBLE SHAFTING 


The S. S. White Co. of Great Britain Ltd. 
Britannia Works, St. Pancras Way, London,N.W.1I. 
Telephone: EUSton 5393 
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I quite agree, Accles 


FIRST COST is : 

THE LAST COST WITH Veal y 
STAINLESS STEEL 

TUBES 


tl 
Accles & Pollock will | 
gladly send you a copy 
of their publication, 
* Corrosion and Heat- 


resisting tubes”’. 


Accles & Pollock Lid - Oldbury - Birmingham - A @ Company 


Makers and manipulators of seamless tubes, in stainless and other steels 


TBWw/s2 
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This part for a potentiometer has 540 
accurate projections spaced equally 
within limits of + -001" of 

nominal position. Can you think of any 
better way than pressure die casting 


of producing the whole in one operation ? 


the whole in one y 


BRITISH DIE CASTING AND ENGINEERING COMPANY LTD. 
Pembroke Works - Pembroke Road * London, N.10 - Telephone Tudor 2594-5-6 


WEST CHIRTON TRADING ESTATE * NORTH SHIELDS * NORTHUMBERLAND * NORTH SHIELDS 2/00 
CRC 20 
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@ POWERFUL AND TROUBLE FREE , pEC tFICc AT! -— 
N ight +=" : 
@ SELF-CONTAINED... NO EXTERNAL N s Overall heis howe NS 
POWER SUPPLY NEEDED N {aws _ Overall lens® yin. 
S widen of 1 Pin. rall width ++ 
The HYDROVICE is powered by a hand-operated pump built X Depth of jaws _ tl Ove 
into the body of the vice, given pressures up to approximately X P m opening -- . up to 1 4,0001b- 
14,000ib. Operationis exceptionally rapid, gripping and Y Maxime Pressure ae 
releasing of work being five times faster than with normal NY ; 





types. Operation is by simple up and down movement N exe 
of a removable lever having right or left hand operation. — 


A POWERFUL GRIP AND IMMEDIATE RELEASE WITHOUT EFFORT. EX. STOCK 


STANDWELL EQUIPMENT CO.,LTD. “oP! MEWS: worrte no., Lonpon, s.w.t9 


Telephone: WIMBLEDON 6414 
* 





ACH ER’ TAPPING 
ATTACHMENTS 


WITH AUTOMAT/C REVERSE 





special 
features 


@ SIMPLE TO OPERATE 

@ TAKES STANDARD HAND TAPS 

@ FITTED WITH SAFETY FRICTION DRIVE 
@ HARDENED NICKEL CHROME STEEL GEARS 





* ARCHER ” Tapping Chucks are also made as separate units 
for tapping operations where the auto-reverse is not required, 
and can be supplied with friction drive having the Morse 
Taper Shank integral with the friction box; or with positive 
drive having Jacobs No. 2 series taper bore. 


Ask for List No. 105 


FRANK GUYLEE « SON E 


ARCHER TOOL WORKS : MILLHOUSES - SHEFFIELD 8 
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STAG MAJOR 


(20/22°, T. 11/12°% Co.) 


HIGH SPEED STEEL 


TOOLHOLDER 
BITS 7 


are made in all the standard sizes, from 3” down to }’. 
Supplied neatly boxed in dozen lots. Hardened and 
centreless ground. 










To Edgar Allen & Co. Ltd. 
Sheffield, 9. 


Please post “Toolholder Bits” basis 
price list to— 





Name 


i nw us ) Firm 


Ye mae ' : Add 
Write for basis list prices, using coupon a 














EDGAR ALLEN A&A CO, LIMITED. 


IMPERIAL STEEL WORKS:-— SHEFFIELD.9 





TELEPHONE : SHEFFIELD 4'0:4 TELEGRAMS: ALLEN, SHEFFIELD 9 
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WITH THE NEW J(UJ-])00 UNIVERSAL ATTACHMENT 


you can IWCREASE PRODUCTION 
oY LVS Tom 


B 





The amazing “JAY-DEE” Universal Attachment saves you time, labour 
and money at every turn! Staying permanently in position, needing 
no adjustment by the operator, it carries out one perfect job after an- 
other, rapidly and safely. The “JAY-DEE” is adaptable to all dril- 
ling machines, combination lathes, turning and boring mills; and can 
readily undertake the duties of any three turret stations. 


Write today to our nearest office for fully illustrated descriptive brochure 


Applications are invited f. r agencies in the U.K. 


Manchester Office, Silver S*., 253 Bury New Rd., Whitefield, Manchester., "Phone : Whitefield 3332 


Sole Distributors: A.B. & M. ENGINEERING LTD., GREENOCK 


DRILLING 






r 





FACING 


TAPPING 
















STUDDING 


gi" 















FREE DEMONSTRATION./ 


A demonstration of the “JAY-DEE” 
Universal Attachment can be arranged 
to suit your convenience, at your work. 





Birmingham Office : 5, Green Lane, Great Barr Birmingham 22A. 
*Phone ; Great Barr 1003 


Telephone: Greenock 23173 





UALITY WORKMANSHIP | 


SPIRALS 
BEVELS 
WORMS 


& 





We supply these 
requirements complete 
or from customers’ blanks, 
and offer quick service 
and prompt delivery. 


WHEELS 


RELIANCE GEAR & ENGINEERING CO. csatroro) LTD. 
DICKINSON STREET - SPRINGFIELD LANE 
SALFORD 3 


Phone: BlAckfriars 0164 & 1715 
Grams. MOTOGEARS 








TUR 4 BY 1 4 a: 
PRODUCTION & 
Modern TOOLROOM WORK 


For the efficient production of 
DIES, TEMPLATES, PRESS 
TOOLS, GAUGES and similar 
work of regular or irregular form 
this versatile machine, by its 
continuous and speedy sawing 
and filing, effects considerable 
economies over the old method 
of drilling, slotting, milling and 
hand filing. 





SPEEDS CAN Wustrated Bro- 
VARY FROM chure and full 
50fc. to 1,600fc. details FREE on 
PER MINUTE. request. 








BANDSAW & BANDFILING MACHINE 


STANDARD *‘ AT’’ RIGID BODY 


THE MIDLAND SAW & TOOL CO. LID. 


MIDSAW WORKS, POPE STREET, BIRMINGHAM, 1. 


44 45 Tower Hill, E.C.3 a 
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Write today for 


full particulars to: 


BROOM & WADE LTD., HIGH WYCOMBE, ENGLAND 


Where oil-free compressed air is required, 
especially in connection with FOOD OR 
CHEMICAL PROCESSING, BOILER IN- 
STRUMENT CONTROL, BREATHING 
APPARATUS and the like, the new addition 
to the ““ BROOMWADE ” range of air com- 
pressors should be of significant interest. 

Requiring no cylinder lubrication, these 
specially designed DRY CYLINDER, CAR- 
BON-RING single and two-stage double- 








One of two Carbon-Ring, Oil-less Air Compressors, 
installed in conjunction with a 15,000 kilowatt gas 
turbine, by John Brown, Clydebank, at the Carolina 
Port Power Station, Dundee, for the North of Scot- 
land Hydro-Electric Board. (Photograph by courtesy 
of the North Scotland Hydro-Electric Board.) 


acting air compressors are particularly adapt- 
able to the above requirements. 

“BROOMWADE” Pneumatic Equipment 
is built to meet your requirements. 


“BROOMWADE?” offers you: 


@ Expert technical advice on all your com- 


pressed air problems. 
@ Complete world-wide after sales service. 
@ Early delivery. 





Air Compressors and Pneumatic Tools 





Telephone: High Wycombe 1630 (8 lines) 








Telegrams: “Broom,” High Wycombe 
158 SAS 


Lxvi 


JiG & TOOL DESIGNS OF QUALITY 


3 Manufactured with Accuracy f 














Weare specialists in the design 
of Jigs, Fixtures, Tools, Gauges 
and Special Purpose Machines, 
of every description. 


BROOMFIELD RD., EARLSDON 
COVENTRY, ENGLAND. 


Telephone: Coventry 64049 (2 lines) 
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RADYNE 


——— 


INDUCTION HEATING EQUIPMENT 


WILL SOLVE YOUR PROBLEMS... 
OF HARDENING, ANNEALING, LOCAL HEATING 
SOLDERING AND BRAZING ... 


RAPIDLY, EFFICIENTLY ... AND AT 
LOW COST 








Hardening the cutting edges of nippers is a critical operation. 
It is necessary to ensure a hardness figure at the cutting edges 
of 60-62 Rockwell C., while maintaining toughness in the head 
sufficient to avoid breakage. RADYNE induction heating 
equipment solved this problem efficiently and economically. 
As shown in our illustration tools are held magnetically 
during a hardening cycle of 12 to 16 seconds. The magnetic 
jig is then de-energized. allowing the nippers to fall into an 
oil quench bath. 
We know that it is unlikely that you 
make nippers or wire cutters, but we 
are sure that RADYNE induction 
heating equipment would solve your 
problems of local hardening, anneal- 
ing. soldering, brazing, tool tipping 
or melting. 
Equipments are available fully tooled 
and ready for immediate operation. 
Our technical Advisory Service is at 
your disposal. Get in touch with us. 
Photographs by courtesy of 
Wynn, Timmins & Co. Led. 





radio heaters Itd « wokingh: berks 











MG9 GRINDER 


A relatively low-priced 
machine for cylindrica! 
grinding to fine ‘limits 





The Myford MG9 can be purchased as a plain cylindrical grinder 
and every machine is prepared for the fitment of additional 
internal grinding equipment as illustrated. It will produce a 
high degree of surface finish, is built to very high standards and 
can be relied upon for accurate, trouble-free service. 


Work Swing peatabaietin OF Gh Between Centres ... ......... 
Dial Reading ...... .-. 0001” Fine Feed ................0000 


Send for Publication No. 901. 


MYFORD 


BEESTON - NOTTINGHAM - ENGLAND 
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DUPLEX RIVET 
SPINNING MACHINES 


Save time and money, and let perfect riveting enhance the appear- 
ance of your product. These machines are suitable for components 
such as Tee and Butt Hinges, Casement Stays, Toggle Catches, and 
for many other parts where both ends of a pin can be spun over 
simultaneously. 
Plain pins can be 
used, saving the 
expense of headed 
rivets. Both foot and 
air-operated models are 
available. For chain 
riveting, (cycle, convey- 
or chains, etc) machines 
may be fully or semi- 
automatic. 

There may be an 
application in the manu- 
facture of your 
products. We can offer 
expert advice, and shall 
be glad to demonstrate 
on your samples. 

Please contact your usual 
machine tool merchant 
or:— 






RS. 5. MD.AE. in. Cap. 
Air-operated Duplex Rivet 
Spinning Machine 











TURNER MACHINE TOOLS LTD. 


63-68, PRINCIP STREET BIRMINGHAM -: 4 
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VULCASCOT ANTI-VIBRATION PADS 


OIL RESISTING 


ys 





@ CHECK VIBRATION SHOCK 
AND NOISE 


@ COMBAT NERVOUS STRAIN 
@ ARE EASY TO INSTALL 
@ SAVE MAINTENANCE TIME 


AND COST 
@ ISOLATE LOADS UP TO 
4 TONS PER SQ. FT. 
@ ELIMINATE CUMBERSOME 
FLOOR FIXINGS 











Standard Size 
18 x 18" x &” 


Manufactured by: 


VULCASCOT (Great Britain) LTD. 


87-89, ABBEY ROAD, LONDON, N.W.8. 





PAONE: MAIDA VALE 7374 & 7375. "GRAMS: VULCASCOT MAIDA VALE LONDON 
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HUNDREDS of craftsmen 


use the 


DIPROFIUEIL* nano Fiting macnine 


For FILING, SCRAPING, LAPPING, MILLING, GRINDING 
and 

general 
finishing 







The DIPROFIL, power operated, multi- 
purpose machine increases production, 
conserves energy & saves time & money. 


Featuring 
Diamond 

and Carbide 
Cutting Tools 





DEROTA 
WORKSHOP 
UNIT 
(also power 


unit to the 
DIPROFIL) 


BROOKS & WALKER LTD. 





47, GREAT EASTERN ST., LONDON E.C.2. Bishopsgate 7633 























MACHINERY’S HANDBOOK. This world-famous book presents 
in one complete volume all the essential data covering the entire field 
of shop practice and machine tool design. Price 66/6 Cash and C.O.D. 
instalments 73 -, payable 13/- in 10 days, 12/- monthly. Overseas, 
cash with order, plus |/7d. postage. 


SCREW THREAD PRODUCTION (2 Vols.). Presents the various 
methods of screw thread production in such a way as to be of service to 
the production engineer. A!l the modern methods of mass production 
have been included and described in detail to enable the engineer to 
compare the advantages of the different methods. Vol.!. contains chap- 
ters on screw cutting, self-opening dies, thread tapping, and inspection 
and measurement. Vol.2. covers chasing, rolling, milling and grinding. 
Copiously illustrated. These are the first two volumes of Machinery’s 
New Standard Reference Series. 


Price 17/6d. Cash and C.O.D. Instalments 19/3d. per volume payable 


6/5d. in 10 days, 6/5d. monthly. Overseas, Cash with order plus 10d. 
per volume postage. 


ESTIMATING MACHINING TIMES. Quick and accurate methods 
of estimating machining and handling times. The data is given mainly in 
the form of graphs which were compiled by the author from direct 
experimentation. 


Price 12/6d. Cash and C.O D_ Instalments 13/9d. payable 7/- in 0 days 
6/9d. one month later. 





To MACHINERY, National House, West Street, Brighton, |, England 
Please send me book s marked “X"’ above. 


For CASH herewith or by C.O.D., or 


ON APPROVAL when | will either return in 5 days or 
pay FULL CASH, or pay by INSTALMENTS as stated above. 


Name ——— Position 





Address — 
L.P.E. 11/53 


en 





Book Cotalogue sent on request. 




















FOR ADVERTISEMENT SPACE 


in this Journal 


PLEASE CONTACT 


T. G. SCOTT & SON LIMITED 
Crown House, 143/7, Regent Street 


London, W.1 
(Telephone: Regent 3891) 


RATES AND FULL CIRCULATION 
DETAILS ON REQUEST 
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| MIDLAND INDUSTRY | 


When a manufacturer wants help he does not wish to be 
kept waiting. His problems are urgent and delays do not 
improve matters. That is why we restrict our area of 
operations as works representatives for Mitchell Lathes, 
Granor Shaping Machines and Lathes and Rushworth 
Sheet Metal Working Machinery in the seven Midland 
Counties. Only in this way can we guarantee the on-the- 
spot service our customers require—a policy which has 
proved mutually advantageous for many years. 





We supply and service Granor high speed 


Lathes and Shapers. 
May we send you details ? 


¥ Our technical repre- 
sentatives will be glad 
to render you all the 
help and_ assistance 
possible. Your en- 
quiries will receive 
immediate attention. 













— 
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BROWN «SHARPE 


AUTOMATIC 


RECONDITIONING SPECIALISTS 


Your own machines re-built 
to original specification 






THIS SPECIALISED SERVICE — 
IS ALSO OFFERED ON 





@ 


May we visit your works and quote for re-conditioning jour machine 
Managing Director, H. E. Slawson, M.B.E., M.I.Prod.E 


MELBOURNE ENGINEERING og oF LT. 


MELBOURN TELEPH ORR ELBOURNE 2 

















@ Max. Capacity 2" 
@ Jaw size 34x 1 py deep 
@ Price £12.15. 0. ex. stock 


Soft cast steel jig drilled jaw blanks 


always in stock to save you time and money 
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* Irbeatable fn rvepelilim wak 


Quicker and cheaper than air or screw operation—one simple pull or push 


of handle gives instant rigid grip or 3"! opening to facilitate easy and 


speedy insertion and removal of the component, 





Thrust taken by rigid fixed jaw—Handle adjust- 


able for right or left hand or vertical 


operation. 


“ACVOKE ” quicx-crie VICE 
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BARS & BILLETS 


in 
MILD, CARBON, 
CASE- HARDENING, 
FREE CUTTING & 
LOW ALLOY STEELS 


for 
Bright Drawing Machining 
Forging and General 
Engineering 





smooth-running 
tools 


When jobs must be polished off quickly 
—when the smallest breakdown may 
upset an entire timetable, when every- 
thing depends on the dependability 
of the pneumatic tools employed, 
experienced engineers will say 


‘Hand it to HOLMAN’ every time ! 


HOLMAN Compressed-Air Equipment includes 
Chippers, Riveters, Scaling Hammers, Rammers, 
Rotodrills, Rotogrinds, Rotopumps, etc., together with 
a full range of Portable and Stationary Compressors. 


HOLMAN BROTHERS LIMITED, CAMBORNE, ENGLAND. TELEPHONE : CAMBORNE 2275 (10 LINES). TELEGRAMS: AIRDRILL CAMBORNE. 
SUBSIDIARY COMPANIES BRANCHES AND AGENCIES THROUGHOUT THE WORLD. - 
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All communications regarding advertisements should be addressed to the Advertising Managers, T. G. Scott & Son, Ltd. 
Crown House, 143-147, Regent Street, London, W.1. Phone: Regent 3891. 
Printed by Maxwell, Love & Co. Ltd., White Lion Street, London, N.1. 











